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(54) Alternator for an automotive vehicle 

(57) The present invention provides a compact, effi- 
cient and noiseless alternator for an automotive vehicle 
which employs a double-layer coil arrangement in a slot 
for eliminating a coil end interference as well as improv- 
ing a space factor. An automotive alternator 1 com- 
prises a Lundel-type core rotor 3 with 16 poles, and a 
stator 2 with toothed portions of 96 poles spaced by 
slots. U-shaped conductor segments 33 are installed in 
the slots. . One portion of the conductor is accommo- 
dated in an outer layer portion of a predetermined slot, 
while the other portion is accommodated in an inner 
layer portion of a slot phase shifted by an electric angle 
of 1 80*. In this manner, all of the slots are separated into 
the inner and outer layers to accommodate a plurality of 
conductor segments 33. These conductor segments 33 
are connected only at one side of the stator to form a 
total of twelve wavy winding coils. These twelve wavy 
winding coils are divided into three groups each consist- 
ing of a serial connection of four wavy windings to con- 
stitute one phase of a three-phase stator coil. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an alternator for an 
automotive vehicle, which is preferably installed in a 
passenger vehicle, a truck or the like. 

To reduce the aerodynamic resistance in a traveling 
condition, a vehicle body tends to be formed into a slant 
nose shape. Securing a sufficient residential space for a 
passenger compartment is earnestly demanded. To sat- 
isfy these requirements, engine rooms of automotive 
vehicles have been becoming so nan'ow and crowded 
that only limited space is available for installing an alter- 
nator. Meanwhile, to improve fuel economy, the rotation 
of an engine tends to be reduced. Correspondingly, the 
rotation of an alternator is lowered. On the other hand, 
there is a need for increasing electric loads such as 
safety control devices etc. Thus, improving the generat- 
ing aWfity of the alternator is strongly required. In other 
words, a compact, powerful, and non-expensive auto- 
motive alternator is required. 

Furthermore, there is a social requirement that 
noises leaking from vehicles need to be reduced- Pro- 
viding a quiet passenger compartment leads to 
increase of product appeal. To this end. the engine 
noises have been recently lowered. However, accesso- 
ries of the engine need to rotate at relatively higher 
speeds. Especially, fan noises and magnetic noises of 
automotive alternators are becoming main noises emit- 
ted from the automotive vehicles. 

Conventionally, a stator winding generally used in 
an automotive alternator is arranged by using a contin- 
uous wire assembled with a stator core. In such a stator 
winding anangement, various improvements have been 
proposed for satisfying the requirements of compact- 
ness, higher output, lower noises, etc. 

For example, as disclosed in Published Unexam- 
ined Japanese Patent Application No. 7-393351 , provid- 
ing a shorter winding is effective to reduce the winding 
resistance. According to a 2/3n short-pitch winding 
technique, the winding is wourxj without causing inter- 
ference between phases in a radial direction. However, 
there is a problem that the winding factor is worsened 
largely and accordingly a generated voltage is reduced 
greatly. Furthermore, there is a problem that a winding 
operation Is difficult. 

Furthemiore, according to other proposed tech- 
niques, coil ends are pre-shaped or thinned to avoid the 
interference during a winding operation. However, there 
is a problem that the winding operation is complicated 
and the winding resistance value is increased. Further- 
rhore, according to these techniques, the interference of 
the coil ends cannot be solved completely. In each slot, 
the coil is located in an offset condition where no more 
than half of a cross section is available as a geometrical 
space for accommodating the coil. This brings a draw- 
back that the resistance cannot be reduced. Due to the 



above-described offset arrangement of the coil in the 
slot, the coil configuration becomes different in each 
phase. This makes the resistance value and the induct- 
ance of the winding different in each phase. Thus, the 

5 flow of cun^ent is differentiated in each phase, causing a 
local temperature increase which possibly brings a 
problem that the performance of the alternator is wors- 
ened and the magnetic noise may increase. 

For example, as disclosed in Published Unexam- 

70 ined Japanese Patent Application No. 59-159638, the 
coil end may be formed into a flattened configuration to 
improve the air flow resistance. However, according to 
the an-angement shown in this prior art, the air flow 
resistance is still high. A sufficient cooling ability cannot 

15 be expected. The noises cannot be reduced satisfacto- 
rily. 

Furthermore, to a realization of compactness and 
high output, there is a technique for increasing the mag- 
netic flux by reducing an air gap between a rotor and a 

20 stator. However, there is a necessity of enlarging a 
aoss-sectional area of a stator core in accordance with 
an increase of the magnetic flux. This forcibly reduces a 
slot area, with an increase of the winding resistance. As 
a result, an effect of increased output is substantially 

25 canceled. In short, it is important to optimize the bal- 
ance between the core and the winding which coopera- 
tively constitute the stator. 

To obtain an improved output, an optimization will 
be attained in the selection of design data for the core 

30 aoss section and the winding. However, a remaining 
problem to be solved is a cooling of coil ends which 
serve as a heat generation source. For example, a 
large-scale fan will be required for cooling the electric 
conductors through an insulating film and a fixing mem- 

35 ber provided on the surface thereof. The fan needs to be 
disposed adjacent to the coil ends. However, according 
to a conventional winding, coil ends are undulated due 
to the interference between different phases. This 
increases the fan noises of higher orders. When these 

40 noises are nuisance for vehicle passengers, these noise 
must be reduced. For example, the inner face of the coil 
ends facing to the fan is smoothed as an Ideal surface 
by using a complicated winding method. Or. the cooling 
air arTX)urrt is reduced by victimizing the fan efficiency. 

45 Furthermore, in the process of seeking the com- 
pactness and the higher output, there will be a problem 
that the magnetic noise is increased due to an 
increased magnetic force acting between the rotor and 
the stator. In general, an automotive alternator is 

50 equipped with a rectifier which cuts the output voltage at 
a predetermined level to charge a battery. Thus, the 
generated voltage has a rectangular waveform. Accord- 
ingly, it is known that spatial higher harmonics in a clear- 
ance between the stator and the rotor chiefly comprise 

55 tertiary higher harnronic components. Accordingly, a 
magnetic force acting between the stator and the rotor 
comprises the square conponents of the tertiary higher 
harmonic components. The magnetic force thus cased 
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will generate a magnetic ripple force. 

To eliminate such magnetic forces. Published Unex- 
amined Japanese Patent Application No. 4-26345 pro- 
poses to use two sets of three-phase windings which 
are mutually phase shifted by an electric angle of 30**. 
Two outputs of these two three-phase windings are 
combined so that their magnetic ripple forces can be 
canceled each other. However, this conventional wind- 
ing arrangement cannot solve the coil end interference 
derived from the conventional winding configuration. 
The number of required slots is doubled. This forcibly 
requires a careful winding operation for a thin wire 
wound in the slots. This problem is difficurt to solve. 
Namely, when the conpactness and higher output are 
aimed, there are many problems to be newly solved. 

In this manner, the stator winding using a continu- 
ous wire is widely used in conventional automotive alter- 
nators. However, this type of stator winding cannot 
satisfy all of the requirements, such as compactness, 
hi^er output and lower noises, which are contradictory 
to each other. 

On the other hand, a general large generator, such 
as an irxJuction type generator, may comprise two lay- 
ered conductors accommodated in a stator slot which 
constitute inner and outer , layers disposed in a radial 
direction of the stator slot. To eliminate the interference 
between different phases at the coil ends, the conduc- 
tors of the inner and outer layers are alternately con- 
nected. 

However, there was a problem that the above- 
desaibed larger generator could not be directly used as 
an automotive alternator. More specifically, the automo- 
tive alternator needs to supply electric power to the 
automotive electric loads in an engine idling condition 
con^esponding to the lowest engine speed region equiv- 
alent to the alternator's rotation range of approximately 
1 ,500 rpm. To this end, it is mandatorily necessary to 
generate approximately 15 V, which is equivalent to a 
sum of a battery voltage and a diode drop, at the atDove- 
desCTibed rotational speed range, i.e.. approximately 
1 .500 rpm or less. However, lor an automotive alterna- 
tor of 1 to 2 kW used for a general passenger vehicle or 
a truck, it is difficult to generate 15 V at such a low rota- 
tion. The above-described general large Induction type 
generator has about two conductors per slot wtiich is 
chiefly dependent on a magnetic flux determined by the 
physical size. When the number of the conductors is as 
small as two, it is difficult to supply a sufficient electric 
power because an electromotive voltage cannot be 
Obtained satisfactorily at the above-described low rota- 
tion region. FurthernrK)re, there is a recent tendency that 
the idling rotation Is further reduced to improve the fuel 
economy. However, responding to such a requirement is 
difficult for the above-described general large induction 
type generator. 

Furthermore, to increase an output at a low-speed 
region, it may be possit>le to enploy a multi-polarized 
anangement operated by higher frequencies. For this 



end. the above-described general large scale generator 
uses a salient rotor hiaving an axial length substantially 
equal to that of the stator core. According to the salient 
rotor, a magnetomotive force of each magnetic pole is 

5 reduced in response to an inaease of the magnetic pole 
number because of a reduction of a wiring space in the 
rotor. Thus, it is difficult to increase the output- In other 
words, the above-described automotive alternator can- 
not satisfy the required performances. 

10 In general, providing a clearance inside the salient 
rotor is structurally difficult. TTius, there is a problem that 
the cooling air cannot be introduced and guided to an 
inner peripho-al surface of the rotor. Furthermore, the 
cooling air cannot be introduced and guided to a field 

75 coll provided in the rotor, 

Furthernnore, Published Unexamined Japanese 
Patent Applications No. 62-272836. No.63-274335 and 
No. 64-5340, disclose automotive alternators which use 
U-shaped electric conductors, i.e.. so-called conductor 

20 bars. However, according to these prior art, a plurality of 
stator cores are laminated in a circumferential direction 
so as to form a cylindrical shape. Thus, a magnetic 
resistance increases with respect to a passing direction 
of the magnetic fiux, A required performance cannot be 

25 realized. There are many problems to be solved, for 
example, maintenance of the practical strength. 

Furthermore. WO92/06527 proposes an an-ange- 
ment of an automotive alternator which uses conductor 
l>ars for a stator. According to the arrangement shown in 

30 this prior art. a total of four electric conductors are dis- 
posed in a square shape in each slot. In a slot, a clear- 
ance is provided between two electric conductors 
arrayed in a circumferential direction at a coil end. 
According to a conventional ventilation structure for an 

35 automotive alternator, a cooling fan is conventionally 
provided outside a frame. A ventilation passage Is pro- 
vided for guiding cooling air in the axial direction. On the 
contrary, according to the present ventilation structure, 
a cooling fan is located inside a flame so that cooling air 

40 can be directly supplied to the coil end. With this 
an-angement, the cooling ability is greatly improved so 
that conrtpactness and higher output can be realized. 
Accordingly, providing a clearance between coll ends 
makes it possible to reduce the air resistance and 

45 increase the cooling ability. Furthermore, using the U- 
shaped conductor bars makes It easy to insert the con- 
ductor bars Into slots offset by a magnetic poler pitch. 

However, according to this arrangement, the cross 
section of each electric conductor Is limited. If the cross 

so section of each electric . conductor is forcibly Increased 
to reduce the electric resistance and increase the out- 
put, it will not be possible to provide the at>ove- 
descrtbed clearance. This will significantly worsen the 
cooling ability and formability at the coll end. To secure 

55 a sufficient clearance. It may be effective to reduce the 
number of electric conductors from four to two per slot. 
However, such a smaller number of conductors will not 
be able to generate an output at an idling rotaton. i.e.. 
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at a low-speed region. Thus, it cannot be used as an 
automotive alternator. 

Furthermore. USP 2.928,963 proposes an AC gen- 
erator which comprises a stator using conductor bars 
and a Lxmdel-type pole core. However, according to this 
invention, a ventilation structure extends only in an axial 
direction. This ventilation structure differs from the 
present general ventilation structure. Furthermore, even 
in an arrangement shown as another embodiment, no 
internal fan is provided. In view of the foregoing, it is 
concluded that no improvement is shown for increasing 
the cooling ability to realize both of compactness and 
higher output. Furthermore, according to the an-ange- 
ment disclosed in this prior art. each slot accommo- 
dates two conductors. Thus, as described above, it will 
be difficult to obtain an output at the lower-speed region. 

SUMMARY OF THE INVENTION 

|flr''view of the above-described problems encoun- 
tered in the prior art. the present invention has an object 
to provide a highly practical and improved alternator for 
an automotive vehicle which is capable of satisfying per- 
formances required for recent alternators. 

Another object of the present invention is to provide 
an alternator for an automotive vehicle which is compact 
in size, powerful in output, and calm in noise level. 

Another object of the present invention is to provide 
an arrangement for a rotor and a stator winding which is 
capable of producing an output required at a low-speed 
region of an alternator, and to provide a novel cooling 
arrangement for the coil end of a stator winding, thereby 
providing an alternator capable of obtaining a high out- 
put required for automotive alternators, suppressing a 
reduction in efficiency due to heat generation, and pre- 
venting a reduction in an output. 

Another object of the present invention is to provide 
an alternator for an automotive vehicle which is capable 
of improving a space factor in a slot of a stator winding 
as well as increasing a cooling ability and reducing 
noises at the outside of the slot as a result of a cooper- 
ation with the rotor. 

Another object of the present invention Is to provide 
an alternator for an automotive vehicle which is capable 
of suppressing a local temperature increase in the sta- 
tor winding and suppressing magnetic noises. 

To accomplish the above objects, the present inven- 
tion provides an alternator for an automotive vehicle, 
conprlsing a field rotor with N and S poles formed alter- 
nately in a circumferential direction, a stator including a 
stator core disposed In a confronting relationship with 
the rotor and a multi-phase stator winding associated 
with the stator core, and a frame supporting the rotor 
and the stator. In this alternator, the field rotor com- 
prises a Lundel-type core having a plurality of magnetic 
poles serving as the N and S poles. The stator core 
conrprises laminated cores formed with a plurality of 
slots extending across laminated plates. The multi- 



phase stator winding comprises a plurality of electric 
conductors. The plurality of electric conductors consti- 
tute at least one pair, and are inserted in the slots so as 
to constitute an inner layer and an outer layer arrayed in 
5 a depth direction of each slot, and the electric conduc- 
tors are insulated from each other in each slot. The plu- 
rality of electric conductors are partly disposed out of 
the slots so as to extend from an end face of the stator 
core and form a coil end having a predetermined con- 
10 necting pattern according to which two of the electric 
conductors disposed in different slots as different layers 
are serially connected, thereby forming a coil end group 
chiefly repeating the connecting pattern at the erxl face 
of the stator core. The plurality of electric conductors of 
15 the coil end extend in a direction intersectional with a 
flow direction of cooling air introduced in the frame, so 
that the cooling air can flow across the electric conduc- 
tors of the coil end. The plurality of electric conductors 
accommodated in a same slot as different layers coop- 
20 eratively constitute a same-phase winding. And, a first 
winding comprises the electric conductors accommo- 
dated in the same slot, a second winding corrprises 
other electric conductors accommodated in another slot 
adjacent to the same slot, and the first winding and the 
second winding are combined so as to generate a 
summed-up output. 

According to the adopted connecting pattern, two of 
the electric conductors disposed in different slots as dif- 
ferent layers are serially connected. Thus, the electric 
conductor forming a predetermined layer in one slot is 
serially connected to the electric conductor forming a 
different layer in another slot. 

With this an-angement, it becomes possible to sup- 
press the coil end interference, realize a high space fac- 
tor for the stator winding, and increase the output. 
Furthermore, the cooling air flows across the coil end. 
An effective surface area is greatly increased connpared 
with the coil end of a conventional stator winding. This 
remarkatrfy improves a cooling ability of the electric con- 
ductors at this portion. A higher output is produced. Fur- 
thermore, the conductor length of each phase stator 
winding depending on the position in the slot as well as 
the leakage irxiuctance can be unified. Accordingly, the 
current flowing through each stator winding can be uni- 
fied. The heat generation amount in each phase can be 
equalized. It becomes possible to eliminate the local 
heat generation at the stator winding as well as the 
unbalance of the magnetic motive force. The tempera- 
ture reduction and the noise reduction can be realized. 
Furthermore, the coil end has no surface roughness 
and forms a uniform repetitive pattern. As the cooling air 
f tows across the coil end, noises caused by the cooling 
air can t>e reduced. 

Furthermore, assembling the Lundel-type rotor \s 
advantageous in that modification of the pole number as 
well as realization of a multii^ole arrangement can be 
easily realized by changing the forming configuration of 
the core (hereinafter referred to as pole core). Further- 
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more, the magnetic poles have appropriate rigidity 
against centrifugal forces. Additionally, the field coil can 
be surety installed on the boss portion provided at an 
internal center of the pole core. Thus, the rotor has an 
adequate durability against centrifugal forces. In other 5 
words, the rotor can rotate at two to three times the 
engine speed. 

That is, the alternator of the present invention dif- 
fers from the above-described general induction 
machine in that it can operate at higher frequencies. 
Thus, even in a low-turn condition where the electric 
conductor number per slot is small, the present inven- 
tion makes it possible to generate an electric power at a 
low speed of. for example, 1,000 rpm which is suffi- 
ciently lower than 1,500 rpm corresponding to an idling 
speed of an automotive vehicle. 

Furthermore, assembling the Lxjndel-type rotor is 
advantageous in that a space is easily provided 
between magnetic poles for cooling of the field coil. Fur- 
thermore, the magnetic poles have a function of guiding 
cooling air in the axial direction when they rotate. This is 
utilized for adequately conveying the ventilation air in 
the axial direction or in the radial direction. A rotor used 
in a general induction machine is a hollow cylindrical 
salient rotor which has no space between magnetic 
poles. Accordingly, compared with the salient rotor, it is 
possible to effectively cool down the inner cylindrical 
surface of the stator as well as the stator winding and 
the field coil. 

Furthermore, it Is preferal>le that the plurality of 
electric conductors accomnrKdated in a same slot as 
different layers cooperatively constitute a same-phase 
winding. And. an output of the first winding comprising 
the electric conductors accommodated in the same slot 
is summed with an output of the second winding com- 
prising other electric conductors accommodated in 
another slot adjacent to the same slot. 

A higher output is produced by serially connecting 
the electric conductors which are disposed in the same 
slot and induce the same-phase electromotive forces. 
Furthermore, a large output is obtained even when each 
of the first wirxjing and the second winding has a rela- 
tively small output, because the output of the first wind- 
ing conprising the electric conductors accommodated 
in the same slot is summed with the output of the sec- 
ond winding comprising other electric conductors 
accommodated in another slot adjacent to the same 
slot. 

Preferably, the stator and the rotor are cooperative 
to generates a voltage equal to or more than 15(V) from 
the winding end in an idling speed region of an engine 
which drives the rotor. 

With this arrangement, it becomes possible to sup- 
ply a required amount of electric power to electric loads 
necessary when an automotive vehicle is operated In an 
idling condition. Of course, a battery vynll be able to sup- 
ply a supplementary electric power to the loads if the 
required power level is increased in this idling corxiition. 



The supply amount of such a supplementary electric 
power can be reduced. When the automotive vehicle is 
traveling, an increased output is generated to recover 
the battery quickly. Even in a case where a lower idling 
speed is adopted, the above-desaibed electric power 
generation ability is maintained. Thus, it becomes pos- 
sible to inprove the fuel economy. 

It is possible to adopt an arrangement wherein the 
electric conductor accommodated in one slot is serially 
connected to other electric conductor accommodated in 
other slot disposed adjacent to said one slot. These 
serially connected electric conductors cooperatively 
constitute a stator winding of a same output phase. 

This arrangement is advantageous in that a higher 
AC output is obtained as a summed-up value of two AC 
outputs of different phases. Accordingly, even when 
each electric conductor accommodated in one slot pro- 
duces a relatively smaller output, the summed-up out- 
put is high. 

Especially, when the electric conductors are dis- 
posed in layers in each slot, the number installable in 
the slot is limited. This results in a limited output in the 
same phase. However, the above-described serial con- 
nection solves such drawbacks and makes it possible to 
produce a required output. Hence, not only the space 
factor in each slot but the cooling ability at the coil end 
can be improved, without reducing the output. 

It is preferable that a plurality of slots are spaced at 
predetermined intervals corresponding to a N-and-S 
magnetic pole pitch of the rotor so as to constitute a first 
slot group. A plurality of slots are disposed adjacent to 
the first slot group so as to constitute a second slot 
group. The electric conductors accommodated in the 
first slot group are serially connected to form the first 
winding, while the electric conductors accommodated in 
the second slot group are serially connected to form the 
second winding. 

Furthermore, it is preferable that the slots are dis- 
posed at regular intervals equivalent to an electric angle 
of 30**. Some of the electric conductors accomnKXlated 
in the plurality of slots constitute a first serial conductor 
group. The first serial conductor group conrprises seri- 
ally connected electric conductors accommodated in 
the slots of the first slot group which are mutually 
spaced by a magnetic pole pitch. Electric conductors 
accommodated in the slots of the second slot group 
adjacent to the first slot group are serially connected to 
constitute a secorKi serial conductor group. The first 
serial conductor group and the second serial conductor 
group are connected in series to constitute a winding 
having a winding end connected to a rectifier. 

With this arrangement, some of the conductors 
accommodated in the plurality of slots, being arranged 
at regular intervals equivalent to an electric angle of 30"". 
constitute the first serial conductor group comprising 
serially connected electric conductors accommodated 
in slots mutually spaced by a magnetic pole pitch. All of 
the conductors generate the electromotive voltage of 
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the same phase which are directly addable. Thus, the 
generated electric power per unit length of the electric 
conductor is maximized. Furthermore, the conductors 
accommodated in neighboring slots cooperatively con- 
stitute the second serial conductor group. These neigh- 5 
boring slots are closest in the phases of the produced 
voltages to the first serial conductor group. Thus, the 
second serial conductor groi^ generates a higher out- 
put in the same manner. The first serial conductor group 
and the second serial conductor group are serially con- 70 
nected to constitute one phase. They are added as vec- 
tors. Thus, a maximized electromotive voltage per unit 
length is produced as a total value. Furthermore, as the 
slot interval is approximately 30° in the electric angle, 
the second conductor group is neighboring to the first 15 
conductor group by the electric angle of approximately 
30**. This is effective to reduce the magnetic ripple force 
causing the magnetic noises. Thus, the magnetic 
noises can be reduced. In this case, it should be under- 
stoo^pthat the electric angle of approximately 30** com- 20 
prises a range from 29° to 31 °. It is needless to say that, 
when the neighboring relationship is within this range, 
the above-described magnetic ripple force can be suffi- 
ciently reduced. 

Furthermore, it is preferable to form the first winding 25 
comprising electric conductors accommodated in a 
same slot and the second winding comprising other 
electric conductors accommodated in another slot posi- 
tioned adjacent to the above slot. A first rectifier rectifies 
an AC output of the first winding. A second rectifier rec- 30 
tifies an AC output of the second winding. ArxJ, a recti- 
fied output of the first rectifier and a rectified output of 
the second rectifier are summed up. 

This arrangement can compensate a lower output 
obtained from each of the first winding and the second 35 
winding. 

A preferable winding may be constituted in the fol- 
lowing manner. A plurality of slots are spaced at prede- 
termined intervals corresponding to a N-and-S 
magnetic pole pitch of the rotor so as to constitute a first 40 
slot group. A plurality of slots are disposed adjacent to 
the first slot group so as to constitute a second slot 
group. The electric conductors accommodated in the 
first slot group are serially connected to form the first 
winding. And, the electric conductors accommodated in 45 
the second slot group are serially connected to form the 
second winding. 

Furthermore, it is possible to provide two rectifiers. 
The slots are disposed at regular intervals equivalent to 
an electric angle of 30°..Some of the electric conductors 50 
accommodated in the plurality of slots constitute a first 
serial conductor group. The first serial conductor group 
Comprises serially connected electric conductors 
accommodated in the slots of the first slot group which 
are mutually spaced by a magnetic pole pitch. Electric 55 
conductors accommodated in the slots of the second 
slot group adjacent to the first slot group are serially 
connected to constitute a second serial conductor 



group. And, the first serial conductor group and the sec- 
ond serial conductor group independently constitute 
windings. Two winding ends of these windings are con- 
nected to the corresponding rectifiers. 

This provides another an-angement for the first 
serial conductor group and the second serial conductor 
group. With this arrangement, outputs of respective 
conductor groups are rectified independently and 
summed if required. Accordingly, a higher output is pro- 
duced and the magnetic noises can be reduced. 

Preferably, the Lundet-type core is defined by the 
following relationship 

L1/L2 ^ 1.5 

where L1 represents an outer diameter of the magnetic 
pole of the Lundel-type rotor, and L2 represents a length 
in a rotational axis of the Lundel-type rotor. 

This arrangement is advantageous compared with 
a salient rotor. According to the salient rotor, the diame- 
ter L1 is limited due to the centrifugal durability of the 
field coil. To increase the output, the magnetic resist- 
ance is reduced by enlarging the length L2 so as to set 
a smaller ratio L1/L2. On the other hand, the Lundel- 
type rotor has a centrifugal durability superior to that of 
the salient rotor. It is, thus, possible to set a larger ratio 
L1/L2 equal to or larger than 1.5. In this case, in 
response to the rotation, the cooling air can be introduc- 
ing from an axially outer portion by an enlarged area. 
The cooling air amount can be increased. This improve 
the cooling ability. 

It is desirable that the plurality of electric conductors 
accommodated in the same slot are disposed exclu- 
sively in a depth direction of the slot. 

According to this arrangement, all of the electric 
conductors located out of the slot can be spaced in a 
radial direction of the stator. This prevents a plurality of 
coil ends from being brought into contact with each 
other. An airflow in the coil end group can be smoothed. 
Noises are reduced as a result of reduction of an inter- 
ference between the cooling air and the coil ends. 

It is preferable that all of electric conductors electri- 
cally insulated in the slots are spatially separated at the 
coil end formed at an axial end portion of the stator 
core. 

With this arrangement, all of the electric conductors 
are adequately cooled down at the coil end. It realizes a 
uniform cooling for the electric conductors without any 
dispersion. 

Furthermore, it is preferable that each electric con- 
ductor is formed into a rectangular shape fitting to the 
configuration of a corresponding slot at a portion 
inserted in the slot. 

This arrangement makes it easy to increase the 
space factor of the electric conductors accomniodated 
in the slots. As the rectangular shape fits to the slot con- 
figuration, an improved heat transfer is realized between 
the electric conductors and the stator core. Regarding 
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the rectangular shape, rt is important that a cross sec- 
tion coincides with the slot configuration. Besides a 
square and an elongated rectangle, the cross section 
may be a fiat plane having four sides and round comers 
or an elongated circle formed by replacing short sides of 
an elongated rectangle by arcs. When the aoss section 
is a square or an elongated rectangle, the space factor 
in the slot can be increased. When the electric conduc- 
tor has a smaller cross section, it will be preferable to 
use an elongated circle. The atx)ve-described cross 
section can be formed by deforming a circular electric 
conductor by pressing. 

It is preferable that the electric conductors are need 
metallic members. An electrical insulating material is 
interposed between the plurality of electric corKluctors 
inserted in the slot as well as between the plurality of 
electric conductors and inner walls of the slot for assur- 
ing electric insulation. And, the plurality of electric con- 
ductors are spatially separated at a portion outside the 
sldf." 

This arrangement makes it possible to omit the 
insulation film covering each electric conductor. The 
material costs can be reduced greatly. Eliminating the 
possibility of damaging the insulation film during a press 
processing of each electric conductor can greatly sim- 
plify the production process of the electric conductors 
and reduce the manufacturing cost. In general, insula- 
tion films are weak against heat. Thus, omitting insula- 
tion film is effective to increase the thermal reliability. In 
other words, the durable temperature of the stator wind- 
ing can be increased. Thus, the reliability against the 
heat generation can be inproved. 

Furthermore, it is preferable that an overall axial 
length of the stator comprising the stator core and elec- 
tric conductors accommodated in the slots is equal to or 
shorter than an overall axial length of the Lundel-type 
rotor. 

According to this aaangement, a shorter stator can 
be disposed In the axial direction with respect of a rotor. 
This realizes an egg-shaped an-angement. An outer 
shape of the generator, including a frame, is configured 
into an egg shape. A required installation space can be 
reduced. Thus, the mechanical strength can be 
improved while the magnetic noises can be reduced. 

Furthermore, it is preferable that toothed core ends 
are positioned at both sides of the sk>t, and at least part 
of the toothed core is plastically deformed to form an 
opening of the slot having a width nan-ower than a dis- 
tance between inner walls of the slot, the opening of the 
slot being provided at an inner peripheral side of the 
slot. 

According to this an^angement, the electric conduc- 
tors already placed in the slot can be further pushed 
deeply in the radial direction of the slot when the 
toothed core ends are plastically deformed. A higher 
space factor is realized. Furthermore, the toothed por- 
tions of the stator core can be fixed sufficiently. This 
increases the rigidity of the core, so as to prevent the 



stator core from causing vibrations. The magnetic 
noises can be reduced. Furthermore, providing the inlet 
portion narrower than the distance between the inner 
side walls makes it possible to eliminate a fastener 

5 member such as a wedge. This will reduce the costs. 
Furthernrare. the toothed end portion is hardened when 
applied the plastic processing. Accordingly, even when 
the used electric conductor has a higher rigidity, it 
becomes possible to prevent the electric conductor from 

10 exiting in the radially inward direction. Such an arrange- 
ment can be employed regardless of the cross-sectional 
configuration of the slot. It is desirable that the slit cross- 
sectional configuration is a parallel slit having a con- 
slant width with respect to a depth direction. This is 

75 advantageous in that the clearance between the con- 
ductors and the slot can be maintained at a constant 
value even when the inner-layer and outer-layer con- 
ductors are formed into the same configuration. The 
space factor can be further increased. 

20 Furthermore, the electric conductor may be formed 
at least partly into a flat configuration at a portion out- 
side the slot. 

This arrangement is advantageous in that the heat 
radiation area of each electric conductor located at the 

25 coil end can be enlarged. When a plurality of coil ends 
are configured into a flattened shape, a clearance 
between adjacent coil ends can be maintained by dis- 
posing these coil ends in parallel to the radial direction. 
This arrangement is also preferable in that the flow 

30 resistance of the cooling air can be reduced. It is possi- 
ble to form the electric conductor into a flat configuration 
entirely at the portion outside the slot. K/ioreover, it is 
possible to form the electric conductor into aflat config- 
uration in the slot, too. In this case, the flat configuration 

35 comprises an elongated rectangular cross section and 
an elongated elliptic cross section. 

Furthermore, it is preferable that a magnet is inter- 
posed between magnetic poles of the field rotor so that 
the stator is exposed to a magnet flux in addition to a 

40 field flux. 

This arrangement improves the performance of the „ 
l_undel-type field rotor, thus realizing an Increased out- 
put and an increase efficiency. Such effects can be 
otrtained by solely innproving the stator winding so as to 
45 increase the heat radiation ability, without loss at the 
stator side. 

Furthermore, it is preferable that a plurality of elec- 
tric conductors disposed at the coil end receive the cool- 
ing air at substantially entire surfaces thereof. 
50 According to this arrangement, a higher cooling 
ability can be uniformly obtained for all of the electric 
conductors. 

In the manufacturing, realizing such an an-ange- 
ment is relatively easy when the electric conductors are 
55 an-ayed in the radial direction of the slot, or when the 
electric conductors are naked wires and spatially 
spaced for electric insulation, or when the electric con- 
ductors have rectangular cross sections at a region out 
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of the slot, or any combination thereof. A highly cooling 
ability is realized. 

Furthermae, it is preferable that the coil end group 
is formed at each axial end portion of the stator core, 
and two cooling air passages are formed in the frame so 
as to correspond to respective coil end groups. 

According to this arrangement, two coil end groups 
can be surely cooled by the cooling air introduced by 
con'esponding cooling air passages. The cooling is 
done by the cooling air flowing across the electric con- 
ductors in each coil end group. Thus, a reduced number 
of problems relating to the loss and efficiency will be 
derived from heat generation. Furthermore, the noise- 
related problems can be reduced. 

Furthermore, it is preferable that a ventilating 
means is provided for causing a flow of cooling air in the 
frame. 

According to this arrangement, it becomes possible 
to surely cause a cooling air flow in the frame. The coil 
end be surely cooled. An appropriate ventilation 
means may be a dedicated cooling fan, or the Lundel- 
type field rotor having a capability of causing air flow 
due to its configuration. 

Furthermore, when the ventilation means is pro- 
vided, it is preferable that the frame is formed with a 
ventilation hole at a portion con^esponding to the coil 
end group, so that the cooling air can flow across the 
electric conductors. 

With this arrangement, the cooling air can flow effi- 
ciently across the electric conductors. When the coll 
end groups are provided at both sides of the stator core, 
it is preferable to provide separate ventilation holes cor- 
responding to respective coil end groups. 

Furthemiore. it is preferable that the ventilation 
means is provided at an axial end portion of the field 
rotor for causing a flow of cooling air directing a centrif- 
ugal outer direction, so that the cooling air can flow 
across the electric conductors. 

According to this arrangement, the ventilation 
means is disposed adjacent to the inside of the coil end 
group of the stator. The cooling air directing the centrif- 
ugal outer direction enters inside the coil end group and 
then exit the outside through the ventilation hole formed 
on the frame. Thus, strong and increased cooling air 
can be supplied to the coil end group. As the electric 
conductors have improved shaped at the coil end 
groups, noises can be reduced while both the cooling 
ability and the heat radiation can be increased. In this 
case, it should be noted that the cooling air of the "cen- 
trifugal outer direction" possibly includes some of axial 
components in addition to the centrifugal components. 
The settings for the cooling air direction can be ade- 
quately determined in accordance with the cooling 
requirements of the field rotor. 

Furthermore, it is preferable that the ventilation 
means is provided at both of axial end portions of the 
field rotor. 

This arrangement makes it possible to obtain cool- 



ing air at the both axial sides of the field rotor. When the 
coil end groups are formed at the both sides of the sta- 
tor, each coil end group can be cooled by an exclusively 
provided ventilation means. 
5 The ventilation means may be a fan having a plural- 
ity of blades. 

With this arrangement, the cooling air can be surely 
obtained. 

Furthermore, it is preferable that the Lundel-type 

10 core has a configuration corresponding to the plurality 
of magnetic poles, so that the Lundel-type core is capa- 
ble of serving as the ventilation means. 

With this arrangement, it becomes possible to 
obtain the cooling air by utilizing the inherent configura- 

15 tion of the Lundel-type core corresponding to the plural- 
ity of magnetic poles. When the cooling air can be 
introduced by using the Lundel-type core only, it 
becomes possible to omit the fun. The parts number 
and the manufacturing man-hour can be reduced. 

20 When the Lundel-type core is used as an auxiliary 
means for supporting the fan, it becomes possible to 
increase the cooling air amount. 

Furthermore, it is preferable that an axial end por- 
tion of the Lundel-type core is disposed in an adjacent 

25 and confronting relationship to an inner wall surface of 
the frame. 

According to this arrangement, the inner wall sur- 
face of the frame can serve as a fan shroud. In other 
words, the cooling air can be guided by utilizing the axial 

30 end configuration of the Lurxiel-type core. In this case, 
the inner wall surface of the frame capable of acting as 
the shroud may be an inner wall surface of the frame 
which is a metallic member, or may be parts or compo- 
nents installed on the frame. 

35 Furthermore, it is preferable that the frame is 
formed with an inlet hole for the ventilation means, the 
inlet hole faces to an installation end of a pulley which 
drives the field rotor, and an outermost diameter of the 
inlet hole is smaller than an outermost diameter of the 

40 pulley. 

TTiis arrangement makes it possible to provide a 
practical automotive alternator which can employ a 
larger-diameter pulley In other words, both the downsiz- 
ing and the power-up can be realized. Due to an 

45 increased torque, there is a problem that a belt life is 
shortened. Thus, there is a necessity of increasing a 
pulley diameter to reduce a stress applied on the belt. 
However, according to such an an-angement. the pulley 
possibly closes the inlet hole of the frame. This 

50 increases the flow resistance, and therefore reduces the 
cooling air amount. On the other hand, according to the 
present invention, an improved cooling ability is brought 
by the improvement of the stator. In other words, the coil 
end can be cooled by a small amount of cooling air. This 

55 is effective to secure a satisfactory belt life. Thus, both 
the downsizing and the power-up can be realized. 

Furthermore, it is preferable that the coil end e 
formed with a connecting pattern in which a first electric 
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conductor and a second electric conductor are serially 
connected. The first electric conductor is disposed in a 
first slot as a predetermined layer, while the second 
electric conductor is disposed in a second slot as a layer 
different from the first electric conductor. The first and 
second slots are spaced at an interval corresponding to 
a N-and-S magnetic pole pitch of the field rotor. 

According to this arrangement, the coil ends of dis- 
posed at each axial end face of the stator core can be 
arrayed in the same direction. This is effective to prevent 
the coil ends of different phases from interfering with 
each other. Thus, the conductors can be inserted 
deeply in the slot. This improves the space factor and 
increases the output, furthermore, the coil ends can 
form a uniform repetitive pattern without causing sur- 
face roughness. This is advantageous to reduce the 
noises caused by the cooling air. 

Furthermore, it is preferable that the coil end is 
formed by connecting an end portion of the first electric 
conductor extending from the first slot and an end por- 
tion of the second electric conductor extending from the 
second slot. The first electric conductor and the second 
electric conductor are formed by separate conductor 
segments. And, the end portion of one electric conduc- 
tor has an angle and a length sufficient for surrounding 
approximately a half of the magnetic pole pitch. 

According to this arrangement, it becomes possible 
to dispose the segment so as to extend out of the slot. 
The extended segment is connected with other seg- 
ment to form a coil end. The coil end thus formed is 
cooled by the cooling air flowing across the coil ends. 
The segments are employed by adopting an arrange- 
ment having such connections. In this case, the connec- 
tion can be performed by using an electric connection 
including ultrasonic welding, arc welding, brazing etc. 

Furthermore, it is preferable that each segment is 
an U-shaped segment having a turn portion formed by 
connecting two electric conductors continuously at one 
axial end portion of the stator core. An end portion of a 
first U-shaped segment serving as an end portion of the 
first electric conductor and an end portion of a second 
U-shaped segment serving as an erxJ portion of the 
second electric conductor are connected according to 
the above-described connecting pattern so as to form 
the coil end at another axial end portion of said stator 
core. 

This arrangement simplifies the manufacturing 
process because the nun^er of conductor parts and 
welding portions can be reduced. As the connecting 
portions are arranged at one axial end of the stator. the 
production process can be simplified. 

Furthermore, it is preferable that each segment has 
two end portions protruding from both ends of a corre- 
sponding slot. One coil end is formed at one end of the 
stator core by connecting one end portion of a first seg- 
ment serving as an end portion of the first electric con- 
ductor and one end portion of a second segment 
serving as an end portion of the second electric conduc- 



tor according to the atx)ve-described connecting pat- 
tern. The other coil end is formed at the other end of the 
stator core by connecting the other end portion of the 
first segment serving as an end portion of the first elec- 

5 trie conductor and the other end portion of the second 
segment serving as an end portion of the second elec- 
tric conductor according to the above-described con- 
necting pattern. 

According to this arrangement, each electric con- 

10 ductor can be configured into a simplified shape extend- 
ing in one direction. Thus, the manufacturing process 
for the electric conductor can be simplified. Moreover, it 
becomes possible to push the pre-processed electric 
conductors into the slot from its radial inner peripheral 

75 side. This is advantageous compared with an assem- 
bling method for inserting the electric conductor from an 
axial direction, because no processing is necessary for 
the coil ends. The manufacturing process can be simpli- 
fied. The space factor can be further improved. 

20 Furthernrore, it is preferable that a sum of circum- 
ferential lengths of both end portions of the electric con- 
ductor conesponds to the magnetic pole pitch. 

According to this arrangement, the segments con- 
figured into a predetermined shape can be used for 

25 forming the stator winding surrounding the stator core. 
Therefore, the configuration of electric conductors is 
unified. The number of electric conductor types can be 
reduced. It becomes possible to reduce the costs for a 
manufacturing facility including a press machine for 

30 manufacturing electric conductors. When the connect- 
ing portions are configured into the same shape and 
disposed at both sides of the stator core, the production 
process for the connecting portions can be simplified. 
Furthermore. It is preferable that toothed core ends 

35 are positioned at both sides of the slot, and at least part 
of the toothed core end is plastically deformed to form 
an opening of the slot having a width narrower than a 
distance between inner walls of the slot, the opening of 
the slot being provided at an inner peripheral side of the 

40 Slot 

According to this arrangement, the electric conduc- _ 
tors already placed in the slot can be further pushed 
deeply in the radial direction of the slot when the 
toothed core ends are plastically deformed. A higher 

45 space factor is realized. Furthermore, the toothed por- 
tions of the stator core can be fixed sufficiently. This 
increases the rigidity of the core, so as to prevent the 
stator core from causing vibrations. The magnetic 
noises can be reduced. Furthermore, providing the inlet 

so portion narrower than the distance between the inner 
side walls makes it possible to eliminate a fastener 
member such as a wedge. This will reduce the costs. 
Furthermore, the toothed end portion is hardened when 
applied the plastic processing. Accordingly, even when 

55 the used electric conductor has a higher rigidity, it 
becomes possible to prevent the electric conductor from 
exiting in the radially inward direction. Such an arrange- 
ment can be employed regardless of the cross-sectional 
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configuration of the slot. It is desirable that the slit cross- 
sectional configuration is a parallel slit having a con- 
stant width with respect to a depth direction. This is 
advantageous in that the clearance between the con- 
ductors and the slot can be maintained at a constant 
value even when the inner-layer and outer-layer con- 
ductors are formed into the same configuration. The 
space factor can be further increased. 

Furthermore, It is preferable that a rectifier com- 
prises rectifying elements, and part of the electric con- 
ductor is directly connected to an electrode of the 
rectifying element. 

According to this arrangement, a connecting mem- 
ber of a rectifying circuit, such as a terminal base, can 
be omitted. Thus, a simplified and compact rectifier can 
be provided at low costs. When the electric conductors 
are constituted by segments, it is preferable to differen- 
tiate the shape of a segment directly connected to a rec- 
tifying element from other segments which are 
conducted according to a predetermined connecting 
pattern. The segment directly connected to the rectify- 
ing element may be longer than others. 

Furthermore, it is preferable that the electric con- 
ductor connected to the electrode of the rectifying ele- 
ment has an easily deformable portion between the 
stator and the electrode of the rectifying element. 

According to this arrangement, vibrations can be 
at>sorbed by the deformation of the electric conductor. It 
becomes possible to prevent the rectifying element from 
being damaged. A high reliability can be realized. The 
easily deformable portion may be constituted by a partly 
narrowed electric conductor. 

Furthermae, it is preferable that a rectifier is dis- 
posed at a same side as the turn portion of the U- 
shaped segment and connected to the winding end of 
the stator winding. 

This arrangement Is advantageous when the U- 
shaped segments are connected at their ends to consti- 
tute the winding, because the conductor connected to 
the electrode of the rectifying element causes no inter- 
ference with the connecting operation. This makes it 
possible to adopt a repetitive connection of the same 
pattern. The manufacturing process can be simplified. 
The costs can be reduced. 

Furthemnore, it is preferable that a rectifier is dis- 
posed at a side opposed to the turn portion of the U- 
shaped segment and connected to the winding end of 
the stator vending. 

This anrangement makes it possible to for the turn 
portions of the U-shaped segments into the same con- 
figuration. The man-hour required for manufacturing the 
segments can be reduced. The costs can be reduced, 
too. 

Furthemiae, it is preferable that the stator com- 
prises extended wiring portions mutually short-circuited 
for constituting a neutral point. 

This arrangement realizes a connection of the neu- 
tral point on the stator. It is preferable to extend a plural- 



ity of electric conductas and directly connect them to 
form the neutral point. Especially, when the used elec- 
tric conductors have a rectangular aoss section, a suf- 
fice connecting strength is obtained. A sufficient 

5 clearance Is provided between coll ends. The heat radi- 
ation area can be Increased, improving the cooling abil- 
ity of the stator coil. 

Furthermore, in the above-described arrange- 
ments. It is preferable that the electric conductors con- 

10 stitute only one pair. 

With this an-angement. an assembling man-hour 
can be reduced in the installation of the conductors into 
the stator. As the total number of coil ends is small, a 
clearance between conductors can be easily main- 

15 talned. As the numbers of conductor parts and electric 
connecting portions are small, the manufacturing proc- 
ess can be simplified. 

Furthermore, it is preferable that the electric con- 
ductors constitute two or more pairs. 

20 According to this arrangement, it becomes possible 
to increase the conductor number per slit to four or more 
while suppressing the coil end interference. This makes 
it possible to generate an output from a generator even 
when an idling rotation of an automotive vehicle is fur- 

25 ther reduced to realize an improvement of fuel economy 
and a noise reduction during an idling operation of the 
engine. 

Furthermore, when two or more pairs of Inner-layer 
and outer-layer electric conductors are disposed, it is 

30 preferable that the plurality of electric conductors 
accommodated in the same slot are disposed exclu- 
sively in a depth direction. The plurality of electric con- 
ductors are connected with other electric conductors at 
the coil end group to form a plurality of joint portions. 

35 And, the plurality of joint portions are arranged into mul- 
tiple loops and mutually spaced in both a circumferential 
direction and a radial direction in the coil end group. 

According to this anrangement, the joint portions 
are arranged in a loop fashion along a circumferential 

40 direction in accordance with a layout of the plurality of 
electric conductors, i.e.. a placement of slots. Further- 
more, the plurality of electric conductors accommo- 
dated in the same slot are disposed exclusively in the 
depth direction of the slot. This is effective to realize a 

45 coaxial multiple arrangement in the annular placement 
of the joint portions. Accordingly, the plurality of joint 
portions can be disposed separately in both the circum- 
ferential and the radial directions, so that clearances 
can be surely provided between the plurality of joint por- 

50 tions. The capak>ility of easily avoiding the short-circuit 
between the joint portions brings an advantage in the 
connecting process thereof. 

The atx)ve-described objects can be accomplished 
by the following features of the alternator. The stator 

55 comprises a laminated stator core formed with a plural- 
ity of slots. A plurality of electric conductors are accom- 
nrKxjated in the slots. The electric conductors conprises 
a plurality of U-shaped segments, each having two 
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straight portions accommodated in different slots. The 
plurality of U-shaped segments have turn portions each 
serving as a coil end protruding in an axial direction 
from one end face of the stator core. The turn portions 
are mutually spaced so as to form a first coil end group. 
A plurality of the electric conductors accommodated in a 
same slot as different layers constitute a same phase 
winding. A first winding comprises the electric conduc- 
tors accommodated in the same slot. A second winding 
comprises other electric conductors accommodated in 
another slot adjacent to the same slot. The first winding 
and the second winding are combined so as to generate 
a summed-up output. The plurality of U-shaped seg- 
ments have end portions protruding in an opposite axial 
direction from the other end face of the stator core, the 
end portions are connected according to a predeter- 
mined connecting pattern so as to constitute coil ends 
of a wiring. These coil ends are mutually spaced so as 
to form a secord coil end group. The field rotor com- 
prises a Lundel-type core having a plurality of magnetic 
poles serving as the N and S poles. Two ventilation pas- 
sages are provided at both axial ends of the field rotor. 
One ventilation passage extends in a radial direction so 
as to allow air to flow across the first coil end group, 
while the other ventilation passage extends in a radial 
direction so as to allow air to flow across the second coil 
end group. 

With the above-described an'angement, it becomes 
possible to form the coil ends having an excellent cool- 
ing ability at the both ends of the stator. Furthermore, 
the field rotor provides the ventilation passage guiding 
the cooling air to each coil end group. This makes it pos- 
sible to provide a compact and powerful automotive 
alternator. 

Preferably the field rotor has an axial end portion 
equipped with a ventilation means for supplying air 
toward the coil end group. 

The provision of such a ventilation device makes it 
possible to supply strong and increased air to the coil 
end group. 

Furthermore, it is preferable that the frame is pro- 
vided with two ventilation holes serving as outlets of the 
ventilation passages. One ventilation hole is provided 
adjacent to an outer peripheral side of the first coil end 
group, while the other ventilation hole is provided adja- 
cent to an outer peripheral side of the second coil end 
group. 

With this an-angement it becomes possible to pro- 
vide a ventilation passage extending from the ventilation 
means to the ventilation hole via the coil end group for 
scavenging the exhausted cooling air. 

Furthermore, it is preferable that the U-shaped seg- 
ments are electric conductors each having an elongated 
rectangular cross section, and a longitudinal direction of 
the aoss section is disposed along a radial direction at 
the coil end. 

By adopting such an arrangement, it becomes pos- 
sible to reduce the air flow resistance at the coil end 



group. Noises can be reduced. In this case, the rectan- 
gular shape of the cross section includes an elongated 
rectangle, a shape obtained by replacing short sides of 
an elongated rectangle by arcs, and an elongated 
5 ellipse. 

Furthernx)re, it is preferable that the electric con- 
ductors constitute a plurality of pairs of inner and outer 
layers. The straight portions of the electric conductors 
accommodated in the same slot are disposed exclu- 

10 sively in a depth direction of the slot. A plurality of joint 
portions are formed by connecting the U-shaped seg- 
ments. The plurality of joint portions are arranged into 
multiple loops and mutually spaced in both a circumfer- 
ential direction and a radial direction in the second coil 

15 end group. 

This arrangement is advantageous when the plural- 
ity pairs of electric conductors are accommodated in a 
same slot. This arrangement makes it possible to surely 
separate the joint portions when they are disposed in 

20 the second coil end group. This brings an advantage in 
the manufacturing process. 

Furthernnore, it is preferable that the electric con- 
ductors form a multi-phase stator winding having a pre- 
determined phase number. The stator core comprises a 

25 plurality of slot groups corresponding to respective 
phases, each slot group consisting of a plurality of slots 
spaced at predetermined intervals corresponding to a 
magnetic pole pitch of the field rotor. A first slot group is 
constituted by slot groups of multiple phases corre- 

30 sponding to the phase number, and a second slot group 
is phase shifted from the first slot group by a predeter- 
mined electric angle. A multi-phase winding comprises 
electric conductors accommodated in the slots of the 
first slot group, another multi-phase winding comprises 

35 electric conductors accommodated in the slots of the 
second slot group, and these two multi-phase windings 
are combined so as to generate a summed-up output. 

According to this an-angement. the total number of 
electric conductors accommodated in a slot is limited. A 

40 required output can be obtained even in an arrange- 
ment an output of the same phase is limited. Especially _ 
the space factor in the slot can be increased by adopting 
the segments. At the coil end group, not only the noise 
level is reduced but the cooling ability is increased. 

45 Thus, a higher output is obtained. 

Preferably, the first slot group and the second slot 
group are arranged by using adjacent slots. To reduce 
the magnetic noises, it is preferable that the first slot 
group and the second slot group are phase shifted by 

50 an electric angle of approximately 30* as a three-phase 
generator. Regarding the summation of outputs, it is 
possible to serially connect the windings of adjacent 
phases in each group so as to produce a summed-up 
AC output. Furthermore, the summation of the outputs 

55 can be done by rectifying the output of each group and 
then producing a summed-up DC output. 

Furthermore, the above-desaibed objects can be 
accomplished by an alternator for an autonK)tive vehi- 
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cle, comprising a field rotor with N and S poles formed 
alternately in a circumferential direction, a stator includ- 
ing a stator core disposed in a confronting relationship 
with the rotor and a multi-phase stator winding associ- 
ated with the stator core, and a frame supporting the 5 
rotor and the stator. In this alternator, the field rotor 
conprises a Lundel-type core having a plurality of mag- 
netic poles serving as the N and S poles. The stator 
core comprises laminated cores formed with a plurality 
of slots extending across laminated plates. The multi- 
phase stator winding comprises a plurality of electric 
conductors. The plurality of electric conductors consti- 
tute at least one pair, and are inserted in the slots so as 
to constitute an inner layer and an outer layer arrayed in 
a depth direction of each slot. And, the electric conduc- 
tors are insulated from each other in each slot. The plu- 
rality of electric conductors are partly disposed out of 
the slots so as to extend from an end face of the stator 
core and form a coil end having a predetermined con- 
nectipg pattern according to which two of the electric 
conductors disposed in different slots as different layers 
are serially connected, thereby forming a coil end group 
chiefly repeating the conn^ing pattern at the end face 
of the stator core. And, the plurality of electric conduc- 
tors of the coil end extend in a direction intersectional 
with a flow direction of cooling air introduced in the 
frame, so that the cooling air can flow across the electric 
conductors of the coil end. 

This arrangement makes it possible to increase the 
space factor of the electric conductors in each slot. Fur- 
thermore, the cooling air can flow across the plurality of 
electric conductors at the coil ends. Thus, a higher heat 
radiation ability can be obtained. It becomes possible to 
solve the heat problems arising from an increase of out- 
put. Especially the air flow caused in the frame can be 
utilized for solving the heat problems derived from a 
higher output. In this manner, it becomes possible to 
adopt a novel arrangement for an alternator different 
from those of conventional automotive alternators. This 
arrangement brings an advantage such that the heat 
problems derived from a higher output can be solved 
under a practical arrangement using a Lundel-type field 
rotor. 

Furthermae, it is preferable that a plurality of elec- 
tric conductors accommodated in a same slot are dis- 
posed exclusively in a depth direction. The plurality of 
electric conductors are connected with other electric 
conductors at the coil end group to form a plurality of 
joint portions. And, the plurality of joint portions are 
arranged into multiple loops arKl mutually spaced in 
both a circumferential direction and a radial direction in 
the coil end group. 

According to this anangement. four or more electric 
conductors can be accommodated in a single slot with- 
out causing the interference between the electric con- 
ductors at the coil ends. Especially, it becomes possible 
to prevent the joint portions of the electric conductors 
from interfering with each other. Accordingly, the wiring 



turn number can be maintained satisfactory and an 
improved output can be produced without losing the 
heat radiation ability at the coil end. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Rg. 1 is a vertical cross-sectional view showing a 
first embodiment of the present invention: 
Rg. 2 is a view showing an appearance of a stator 
10 in accordance with the first embodiment of the 
present invention; 

Fig. 3 is a perspective view showing a conductor 
segment 33 in accordance with the first embodi- 
ment of the present Invention: 
75 Fig. 4 is a cross-sectional view showing part of the 
stator in accordance with the first embodiment of 
the present invention; 

Rg. 5 is a perspective view showing coil ends 
located at both ends of the stator in accordance 
20 with the first embodiment of the present invention; 

Fig. 6 is a development showing a winding connec- 
tion of the stator including #1 to #48 slots; 
Rg. 7 is a development showing a winding connec- 
tion of the stator including #49 to #96 slots, where a 
25 series of stator winding is formed when Figs. 6 and 
7 are roundly connected at lines V-V and Vl-Vl; 
Fig. 8 is a circuit diagram showing an alternator for 
an automotive vehicle; 

Rg. 9 is a graph showing an output performance of 
30 the alternator for an automotive vehicle; 

Rg. 10 is a view showing a partial appearance of a 
stator in accordance with a second emtDodiment; 
Fig. 1 1 is a perspective view showing a conductor 
segment 33 in accordance with the second embod- 
35 iment of the present invention; 

Rg. 1 2 is a cross-sectional view showing part of the 
stator in accordance with the second embodiment 
of the present invention; 

Rg. 1 3 is a perspective view showing the coil end of 
40 a stator in accordance with a third embodiment of 
the present invention: 

Rg. 1 4 is a cross-sectional view showing part of the 
stator in accordance with the third embodiment of 
the present invention; 
45 Figs. 15 and 16 are developments cooperatively 
showing a winding connection of the stator in 
accordance with a fourth embodiment of the 
present invention, where a series of stator winding 
is formed when Figs. 15 and 16 are roundly con- 
50 nected at lines Vtl-Vll and VMI-Vlll; 

Rg. 1 7 is a circuit diagram showing an alternator for 
an automotive vehicle in accordance with the fourth 
embodiment of the present invention; 
Rgs. 18 and 19 are vertical cross-sectional views 
55 showing other embodiments of the present inven- 
tion; 

Rgs. 20 and 21 are developments cooperatively 
showing a winding connection of the stator in 
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accordance with other embodiment of the present 
invention, where a series of stator winding is 
formed when Rgs. 20 and 21 are roundly con- 
nected at lines IX-IX and X-X; 
Fig. 22 is a perspective view showing a winding end 
of the stator in accordance with the first embodi- 
ment; and 

Fig. 23 is a perspective view showing a winding end 
of the stator in accordance with another embodi- 
ment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

An alternator for automotive vehicles will be 
explained hereinafter in accordance with each emtxxji- 
ment of the present invention with reference to the 
accompanied drawings. 

Affangement of First Embodiment 

Figs. 1 through 8 cooperatively show a first embod- 
iment of the present invention. Fig. 1 is a view showing 
an essential structure of an automotive alternator which 
is preferably employed an automotive vehicle. Figs. 2 
through 8 are views illustrating a stator in accordance 
with the first embodiment 

The automotive alternator 1 comprises a stator 2 
serving as an armature, a rotor 3 serving as a field, a 
frame 4 supporting both of the rotor 3 and the stator 2. 
and a rectifier 5 directly connected to the stator 2 for 
converting alternating-cunent power into direct-current 
power. An output of the rectifier 5 is connected to a bat- 
tery of 12 V. 

The rotor 3 integrally rotates together with a shaft 6. 
The rotor 3 comprises a pair of Lundel-type pole core 7, 
a cooling fan 11 , a field coil 8. slip rings 9 and 1 0, a total 
of 16 permanent magnets 51 . The permanent magnets 
51 are connected each other by a magnet holder (not 
shown). 

Each-permanent magnet 51 interposed between 
field cores is a ferrtte magnet of a rectangular paraltelo- 
piped. The dimensions are 8 mm in the width between 
magnetic pdes. 24 mm in the axial length, and 9 mm in 
the radial length. Ihe field coil used tor this alternator is 
a rectangular conductor having a resistance value of 1 .8 
a and a turn (T) number of 330 T. Furthermore, the per- 
manent nnagnet 51 used for this alternator is a wet ani- 
sotropic magnet This magnetic member can suppress 
the reduction in the magnetic property within 5% when 
it is fully magnetized at the temperature of -30**C or 
below. 

The pole core 7 has a boss having a diameter of 0 
50 mm and a shaft 6 having a diameter of 0 1 7 mm. A 
referential cross section is obtained by subtracting a 
cross section of the shaft 6 from a cross section of the 
boss portion of the pole core. This referential cross sec- 
tion is divided by the poler pair number. The resultant 



value is refened to as a reference value. In determining 
respective magnetic poler cross sections, the referential 
value is set to the same value. 

The shaft 6 is connected to a pulley and driven by 

5 an engine (not shown) installed on an automotive vehi- 
cle for traveling. 

The pole core 7 comprises a tx)ss portion 71 
assembled with the shaft 6, two disk portions 72 extend- 
ing radially from both ends of the boss portion, and a 

10 total of 1 6 magnetic poles 73 disposed at a distal end of 
the disk portion 72. 

The frame 4 has axial end portions where two inlet 
boles 41 and 42 are opened for introducing cooling air. 
Furthermore, the frame 4 has an outer peripheral por- 

15 tion where outlet holes 43 and 44 are opened for scav- 
enging the exhausted cooling air. The output holes 43 
and 44 are arranged in two annular rows at portions fac- 
ing to the coil end 31 . An outer diameter of the pulley is 
set to be larger than an outer dian>eter of the inlet hole 

20 41 provided at the axial end surface of the frame 4. 

The stator 2 comprises a stator core 32, conductor 
segments 33 constituting the stator winding, and insula- 
tors 34 electrically insulating the conductor segments 
33. The stator 2 is supported by the frame 4. The stator 

25 core 32 is an assembly of laminated thin steel plates. A 
plurality of slots 35 are formed along its inner peripheral 
surface. 

In each slot 35. two rectangular electric conductors 
are inserted as an inner-layer conductor and an outer- 

30 layer conductor. These electric conductors are consti- 
tuted by conductor segments 33. Each conductor 33 is 
configured into a U-shaped or V-shaped body. 

The stator winding is constituted by numerous con- 
ductor segments 33 electrically connected one another. 

35 One end of the conductor segment 33 is formed into a 
turn portion 33c positioned at an axial side of the stator 
core 32. while the other end of the conductor segment 
33 is formed into a joint portion 33d positioned at the 
other axial side of the stator core 32. The joint portion 

40 33d is formed by connecting ends of different conductor 
segments 33. Thus, each conductor segment 33 pro- 
trudes from each side of the stator core 32 so as to form 
the coil end 31 . As a result, a plurality of conductor seg- 
ments 33 are disposed annularly on the stator core 32 

45 so as to form an annular coil end group. 

Each conductor segment 33 has a ridgeline portion 
33e extending from the stator core 32. The ridgeline 
portions 33e are inclined in opposite directions in the 
outer and inner layers. A predetermined clearance is 

50 provided between adjacent conductor segments 33 at 
the axial sides of the stator to secure sufficient electrical 
insulation. 

This coil end 31 opposes to the disk portion 72 of 
the pole core 7 of the rotor 3. An insulating film for each 
55 conductor segment 33 can be optionally provided. 

The insulator 34, as shown in Fig. 4, has an S- 
shaped configuration to provide electrical insulation 
between the stator core 32 and the conductor segments 



25 



EP 0 881 752 A1 



26 



33 as well as between adjacent conductor segnients 33 
in each slot. 

Each toothed front end portion of the stator core 32 
is hardened during a machining process, such as a 
bending process, when the stator core 32 is nianufac- 
tured or after the conductor segments 33 are inserted. 

The above-described stator winding is a three- 
phase winding consisting of X, Y and Z phases. One 
winding end 33f of each phase extends in the axial 
direction and is directly and electrically connected to an 
electrode portion 53 of a rectifier element 52 of the rec- 
tifier 5 by fusing welding etc. the winding end 33f is pro- 
vided with a portion 33g having a reduced cross section 
to absorb vibrations and realize a moderate transmis- 
sion of a force. 

As shown in Fig. 22, the other end of each phase is 
electrically connected to a neutral point 33k of three 
phases directly or via a conductor. 

A manufacturing method for the stator winding is 
explarffed hereinafter. As shown in Fig. 3, each conduc- 
tor segment 33 is configured into a U-shaped body hav- 
ing an inner-layer conductor portion 33a, an outer-layer 
conductor portion 33b, and a turn portion 33c. Each 
segment 33 is made of a copper plate which is bent and 
pressed into substantially a U-shaped configuration. 

A plurality of conductor segments 33 are an^ayed in 
such a manner that their turn portions 33c are posi- 
tioned at the same axial side with respect to the stator 
core 32. As shown in Rg. 4, the outer-layer conductor 
portion 33b and the inner-layer conductor portion 33a 
are inserted into a con-esponding slot 35 and arrayed in 
the depth direction of the slot 35. The outer-layer con- 
ductor portion 33b positions adjacent to a closed end of 
the slot, while the inner-layer conductor portion 33a 
positions adjacent to an opening of the slot. Each slot 
35 has parallel side surfaces. Each electric conductor is 
press fitted into the slot 35 in such a manner that both 
side surfaces of respective electric conductors confront 
with corresponding side surfaces of the slot 35 via the 
insulator 34. 

On the other hand, end portions of the plurality of 
conductor segments 33 are positioned at the other axial 
erd of the stator core 32. These end portions constitute 
the projecting inner and outer layers. Thereafter, the 
inner and outer layer are bent in opposite direction in the 
circumferential direction as shown in (A) and (B) of Fig. 
5. The bent inner and outer layers correspond to a pre- 
determined slot number. Thereafter, ends of conductor 
segments 33 of different layers are connected so as to 
constitute the joint portion 33d. To secure sufficient 
electric conduction, the joint portion 33d can l^e formed 
by ultrasonic welding, arc welding, brazing etc. 

In this embodiment, the rotor magnetic pole number 
is set to 1 6. The slot number of the stator core 32 is set 
to 96. The stator winding constitutes a three-phase 
winding. 

The stator has an outer diameter of 0 130 mm and 
an inner diameter of 0 102 mm. The laminated thick- 



ness of the stator core 23 is 34 mm. The stator core 23 
consists of numerous SPCG plate members each hav- 
ing a thickness of 0.5 mm stacked and fixed by laser 
welding etc. The slots are provided at regular pitches of 

5 3.75'* corresponding to an electrical angle pitch of 30°. 
Each slot has substantially rectangular shape having 
parallel side surfaces. The width between side surfaces 
is 1. 8 mm. The depth is 10 mm. The back thickness is 
3.5 mm. The opening width is 0.8 mm. The radial thick- 

70 ness of the toothed front end portion is set to 0.5 mm. 
The size of the conductor inserted in the slot is 1 .6 
mm in thickness and 4.5 mm in width. A corner of the 
conductor is curved by an R of 0.6 mm or less. The insu- 
lator 34, having a thickness of approximately 100 \im, is 

15 interposed between the slot and each conductor. 

Details of the wiring connection will be explained 
with reference to Figs. 6, 7 and 8. Each crossover por- 
tion shown at the lower side of Fig. 6 or 7 corresponds 
to the segment turn portion 33c. The upper side corre- 

20 spends to the joint portion 33d. In the drawings, a solid 
line represents the inner-layer conductor while an alter- 
nate long and short dash line represents the outer-layer 
conductor 

First, an X phase of the three-phase winding will be 
25 explained. A plurality of slots (designated by slot num- 
bers #4, #10. #16. , and #94), arrayed at equal 

intervals of six slots from the staring slot #4. coopera- 
tively constitute a first slot group. A plurality of neighbor- 
ing slots (designated by slot numbers #5, #1 1 , #17, — 
30 ; and #95), arrayed at equal intervals of six slots from 
the starting slot #5, cooperatively constitute a second 
slot group. A first winding is constituted by a plurality of 
conductor segments 33 accommodated in the first slot 
group. The first winding comprises two wavy winding 
35 portions. A second winding is constituted by a plurality 
of conductor segments 33 accommodated in the sec- 
ond slot group. The second winding comprises two 
wavy winding portions. 

The first winding and the second winding are seri- 
ne ally connected via two joint portions 102 and another 
joint portion 103. The two wavy winding portions of the 
second winding are reversed at the joint portion 103 and 
serially connected. And, to their both ends, tfie wavy 
winding portions of the first winding are serially con- 
45 nected via the joint portions 1 02. respectively Two ends 
of the first winding are extracted as winding ends X and 
X', respectively. 

The joint portion 102 connects an Inner-layer elec- 
tric conductor and an outer-layer electric conductor 
50 accommodated in two slots spaced at an irttervat of 5 
slots. The joint portion 103 connects the same layer 
electric conductors accommodated in two slots spaced 
at an interval of 6 slots. 

As a result, the X phase is constituted by the first 
55 winding ard the second winding which are serially con- 
nected and mutually phase shifted by a 30"" electric 
angle. As the number of the conductors per slot for the 
first winding is 2T (turns) and the second winding is 2T, 
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a resulting stator winding is 41 The remaining Y phase 
and Z phase are formed in the same manner, so as to 
constitute a start-connected winding arrangement of the 
three phases mutually phase shifted at electric angle 
pitches of 120*. as shown in Fig. 8. 

According to the stator winding shown in Figs. 5. 6 
and 7, the turn portions 33c of the conductor segments 
33 are disposed at one end face of the stator core 32. 
The wirxJing end 33f extends from the other end face of 
the stator core 32 and is connected to the rectifier 5. 

Function and Effect of Embodiment 

According to the above-described arrangement, the 
ridgeline portions 33e of the plurality of inner-layer con- 
ductor segments 33 are inclined in the same direction. 
The ridgeline portions 33e of the plurality of outer-layer 
conductor segments 33 are inclined in the same direc- 
tion. This is advantageous in that the multi-phase stator 
wirlding can be arranged without causing any interfer- 
ence at the coil end. Thus, a space factor of the electric 
conductor in each slot can be improved. This leads to a 
higher output. An appropriate clearance is provided 
between neighboring conductors at the coil end for 
assuring electric insulation between the conductors. 
Provision of such a clearance makes it possible to 
greatly suppress the temperature increase. Especially, 
an internal fan 1 1 is provided at an axial end of a Lxin- 
del-type rotor. The outlet holes 43 and 44. each serving 
as a ventilation hole, are provided on the frame 4 so as 
to oppose to a outer peripheral side of the coil end 31. 
This arrangement brings an extreme reduction in the 
flow resistance of the cooling air. Thus, the cooling air 
can smoothly pass through the coil end and reach the 
outer peripheral portion of the frame. The cooling ability 
can be greatly improved. 

Furthermore, adjacent slots can be serially con- 
nected for the stator winding. This reduces the number 
of conductors per slot, making it easy to secure an ade- 
quate clearance between conductors at the coil end. 
Furthermore, it is easy to obtain the T number required 
for an automotive alternator. 

The number of slots is three times the poler number 
of the rotor when the stator is designed according to a 
conventional wirxJing method. In this case, rrane of pos- 
sible winding methods makes it possible to obtain a T 
number exceeding the number of electric conductors in 
a slot. In general, automotive alternators have a rated 
power output of 0.5 to 2.5 kW. When this power output 
is required at a minimum engine rotational region, the T 
number of the stator must be at least 3T for a predeter- 
mined physical sized alternator installable in an auto- 
motive vehicle. 

If a designed stator T number is smaller than this 
value, no power output will be obtained in a low-speed 
region as indicated by a dotted line in Fig. 9 while a 
higher power output will be obtained in a limited range 
of a high-speed region. Such output characteristics will 



not suit for an automotive alternator. 

For example, according to the conventional winding 
method, the slot number is three times the poler 
number. It is assumed that the conductor number per 

5 slot is two and the T number of the stator winding is 2T. 
A solid line shown in Fig. 9 represents a power output 
characteristics of the present embodiment in conpari- 
son with the dotted line representing the conventional 
power output characteristics. As apparent from the 

10 graph, the conventional power output characteristics is 
disadvantageous in that the power output is considera- 
bly lowered in the range of idling rotations which is fre- 
quently used during the driving operation of automotive 
vehicles. Thus, the conventional power output charac- 

75 teristics is not applicable to the automotive alternator. 
Thus, the conductor number per slot is inevitably 
increased. This will significantly reduce an clearance 
between neighboring conductors at the coil end, when 
each conductor has a same cross-sectional area. The 

20 cooling ability of the cooling air is worsened. As the 
space factor in each slot is increased, a required man- 
hour is increased in the assembling of the conductors to 
the stator core. This will increase the manufacturing 
costs. It may be possible to increase the T number by 

25 reducing the cross section of each conductor. However, 
this will result in a serious reduction in the power output 
due to an inaease in the impedance of the winding. 

On the other hand, according to the present 
embodiment, the slot number is equal to or more than 

30 three times the pole number and some of the conduc- 
tors of adjacent slots are serially connected. Thus, the 
conductor number per slot can be minimized to two 
which is a minimum value. This arrangement effectively 
provides sufficient clearances at the coil end, thus 

35 allowing a satisfactory amount of cooling air to pass the 
coil end. The space factor in each slot can be inproved 
without increasing the manufacturing costs. An output 
required for an automotive vehicle can obtained even in 
a low-speed region. 

40 Furthermore, according to the above-described 
embodiment, first and second windings are serial con- _ 
nected with a phase difference equivalent to an electric 
angle 30**. This arrangement is advantageous in that a 
magnetonnotive pulsation force can be reduced. This 

45 will greatly reduce the magnetic noises. 

Furthermore, according to the winding connection 
shown in Figs. 6 and 7. the inner-layer conductor and 
the outer-layer conductor are arranged in a two-layer 
construction and alternately.connected. As a result, the 
50 length of the crossover portion is the same in each 
phase. This equalizes the electric, resistance values of 
different phase windings. In addition, as conventionally 
known, the inductance of the stator winding is differenti- 
ated depending on the position in the slot. According to 
55 the above-described embodiment, the position of the 
inner-layer conductors and the outer-layer conductors is 
the same in each slot. Thus, the Inductance can be uni- 
fied in each slot. The local heat generation can be elim- 
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inated. 

The coil end height can be reduced remarkably. As 
a result, the resistance value can be reduced to approx- 
imately a half compared with a conventional stator wind- 
ing. This makes it possible to reduce the impedance, 
realizing txjth compactness and high power. Due to 
suppression of heat generation, temperature is reduced 
and high efficiency can be attained. 

Furthermore, the reduction of the coil end height 
results in a reduced axial length of the stator 2. As a 
result, a round corner of the frame can be enlarged. As 
a result, it becomes possible to provide a round automo- 
tive alternator which is capable of improving the 
mechanical rigidity. This is effective to reduce a possibil- 
ity of causing any interference with other components 
when the alternator is installed in an automotive vehicle. 

Furthermore, the cooling ability can be greatly 
improved at the coil end. This brings a downsizing of the 
fan. Furthermore, according to the arrangement of the 
abovjB^escribed the coil end portion, the surface rough- 
ness can be smoothed and a uniform repetitive pattern 
is formed. And, the coil end portion allows the cooling 
air to pass inside thereof. Thus, the fan noises caused 
by the cooling air can be greatly reduced. 

Furthermae, the winding end 33f extends from a 
side opposed to the turn portion 33c of the conductor 
segment 33. Thus, the turn portions 33c are formed into 
the same configuration. Thus, the straight portion other 
than the turn portion 33c of each segment can be flexi- 
bly changed in length for a connection of the winding 
end 33f or for a connection between the joint portions 
102 and 103. In other words, only one thing required in 
the manufacturing of the conductor segments 33 is to 
change the lengths of the straight portions. This greatly 
reduces the production man-hour. The cost for the man- 
ufacturing facility can be reduced. 

Moreover, the formation of the conductor into the 
rectangular shape realizes a high space factor. The 
conductor segment can be fabricated by using a press 
machine etc. This significantly reduces the material and 
machining costs. Furthermore, due to an increase of a 
confronting area between the electric conductors and 
the stator core, improved heat transfer is realized 
between the electric conductors and the stator core. 
Accordingly, the temperature of each electric conductor 
can be further reduced. The overall rigidity of the stator 
is increased. As a result, the magnetic noises can be 
reduced. Furthermore, due to the rigidity of each elec- 
tric conductor, maintaining a controlled clearance 
between the coils is easily done. This makes it possible 
to eliminate an insulating film for each conductor, as 
well as removal of a fixing member for the conductors. 
A^ccordingly. it becomes possible to provide an alterna- 
tor excellent in reliability and low in cost Furthermore, 
improvement of the rigidity at the winding end portion 
may abolish a conventionally used terminal base for the 
rectifier. Therefore, it becomes possible to directly con- 
nect it to the rectifier element 52. This is effective to 



reduce the costs. 

The two inner and outer layers are accommodated 
in each slot by using a single electric conductor. This 
simplifies the installation. A wire connecting portion is 

5 provided at only one portion in the radial direction, with- 
out causing any overlap with other wire connecting por- 
tion. This is effective to simplify the welding operation 
etc. The productivity can be improved. In other words, it 
becomes possible to provide an alternator at a low cost, 

70 As only one set of rectifier is arranged, electric compo- 
nents can be simplified. This contributes the cost reduc- 
tion. 

Furthermore, an iron member can be used for the 
cooling fan of the Lundel-type rotor. This improves the 

15 durability in the high-speed condition compared with a 
salient rotor. According to the salient rotor, magnetic 
poles are disposed on an axial end face. A member pro- 
vided at the axial end face must be a non-magnetic 
material, such as aluminum or a resin, for preventing 

20 short-circuit of the magnetic flux. Due to excellent dura- 
bility in a high-speed region, a pulley ratio can be 
improved so as to increase the rotational speed of a 
rotor at an idle condition. This improves the output at the 
idling condition. Furthermore, material or machining 

25 costs for a fan can be reduced. Furthermore, a cheaper 
fusing welding can be adopted as a means for connect- 
ing the pole core. This is effective to reduce the manu- 
facturing costs. 

30 Second Embodiment 

Rgs. 10 to 12 cooperatively show a second embod- 
iment. The turn portion 33c of the conductor segment 
33, shown in the first embodiment, is provided at one 

35 side surface of the stator core 2. However, according to 
the second embodiment, the conductor segment is sep- 
arated into two conductor segments without providing 
the turn portion 33c. Thus, the joint portions are pro- 
vided at both axial sides of the stator core 32. 

40 As shown in Fig. 11. the conductor segment 33 
comprises an internal conductor 33h serving as a 
straight portion inserted in the slot and external conduc- 
tors 33i serving as straight portions extend from the 
both ends of the internal conductor in the axial direction 

45 of the stator core 32. The external conductor 33i has an 
angle and a length for surrounding a distance equivalent 
to approximately a half of a N-and-S magnetic pole 
pitch. Each external conductor 33i constitutes the ridge- 
line portion of the coil end 31 as shown in Rg. 10. A plu- 

50 rality of conductor segments 33 are inserted in the 
corresponding slots so that the ridgeline portions 33i of 
the inner and outer layers are inclined In opposed direc- 
tions. The stator core 32 is shown in (A) or (B) of Fig, 1 2, 
Each toothed core end 32a is formed into an U-shaped 

55 or J-shaped configuration. After a plurality of conductor 
segments 33 are inserted in a corresponding slot, each 
toothed core end 32a is deformed plastically, for exam- 
ple, by pushing it in the radial direction using a machin- 
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ing tool so as to close the slot opening formed at an 
inner periphery of the slot. With this an'angement, it 
becomes possible to insert the conductor segments 33 
from the radially inward direction. The processing of the 
condjctor segments can be performed beforehand. 5 
This simplifies the installation. 

Furthermore, after the conductor segments are 
inserted in the slot, it is possible to deform the conduc- 
tor segments by depressing the conductor segments 
from the radially inward direction so that the conductor 10 
segments fit to the configuration of the slot. This is 
effective to realize a high space factor. Moreover, the 
toothed core end is hardened through the plastic defor- 
mation. This is effective to prevent the toothed core end 
from being deformed by the springback of the conductor 75 
segment 33. Although the present embodiment proc- 
esses the conductor segment 33 t>eforehand, it is possi- 
ble to perform the bending operation after the conductor 
segment 33 is inserted in the slot. 
y 20 

Third Embodiment 

The atx)ve-described first and second embodi- 
ments have a pair of inner-layer and outer-layer electric 
conductors. That is, the electric conductor- number in 25 
each slot is 2T However, it is possible to provide electric 
conductors of two pairs or rrrare by repeating the above- 
desaibed insertion process of the conductor segments. 
In this case, as shown in Rg. 13, the interference 
between the different phases at the coil end portions 30 
can be avoided in the same manner as in the first 
embodiment. Thus, the higher space factor, improved 
cooling efficiency and noise reduction can be attained in 
the same manner as in the above-desaibed embodi- 
ments. Furthermore, the electric conductor number per 35 
slot e increased. This is advantageous in that, even 
when the engine is operated in a lower-speed region, a 
sufficient amount of electric power is generated. Thus, it 
becomes possible to increase a generated power output 
amount at the lower-speed region. 40 

Fig. 14 shows an insulator which is configured for 
the two pairs of inner-layer and outer-layer electric con- 
ductors, i.e., corresponding to a conductor number per 
slot is 4T. 

Furthermore, when the inner-layer and outer-layer 45 
electric conductors of two pairs or more are provided, 
the T number is artrtrarily realized by changing the set- 
tings for the slot number, wire connecting portions etc. 

Fourth Embodiment so 

According to the above-desaibed first to third 
embodiments, the windings of slot groups mutually 
phase shifted by a 30** electric angle are connected in 
series to increase the T number per slot. This is also ss 
effective in view of noise reduction, because the 6 times 
order components of the polar pair number, serving as 
main corrponents of the magnetic noises, can be can- 



celed. In short, a summed-up AC output is generated 
from these two windings. 

On the other tiand. Figs. 15 and 16 are develop- 
ments showing the stator winding of the fourth embodi- 
ment. Fig. 17 ishows a circuit diagram of the fourth 
embodiment. Two sets of three-phase windings mutu- 
ally phase shifted by a 30** electric angle are rectified by 
rectifiers, respectively. The rectified outputs are com- 
bined to generate a summed-up DC output. 

Details of the wiring connection will be explained 
with reference to Figs. 15, 16 and 17. Each crossover 
portion shown at the lower side of Fig. 15 or 16 corre- 
sponds to the segment turn portion 33c, The upper side 
corresponds to the joint portion 33d. In the drawings, a 
solid line represents the inner-layer conductor while an 
alternate long and short dash line represents the outer- 
layer conductor. 

First, first and second windings of an X phase will 
be explained. A plurality of slots (designated by slot 

numbers #4, #10, #16, . and #94), anayed at equal 

intervals of six slots from starting slot #4. cooperatively 
constitute a first slot group. A plurality of neighboring 

slots (designated by slot numbers #5, #11. #17, , 

and #95), arrayed at equal intervals of six slots from the 
starting slot #5, cooperatively constitute a second slot 
group. 

The first winding extends throughout the first con- 
ductor group from a winding end XI to another winding 
end XI '. The first winding comprises two wavy winding 
portions serially connected at an inversion joint portion 
interposed between the winding ends XI and XI' shown 
in Fig. 15. The second winding extends throughout the 
second conductor group from a winding end X2 to 
another winding end X2' shown in Fig. 16. The second 
winding is arranged in the same manner as the first 
winding. 

Furthermore, the Y phase and Z phase are formed 
in the same manner at the intervals of 120° electric 
angle pitches, so as to form the first and second wind- 
ings in each phase. 

Fig. 17 shows a winding an-angement connecting _ 
these six windings. A total of three. I.e.. X-. Y- and Z- 
phase, first windings are connected to constitute a star- 
connected winding arrangement, and are connected to 
a first rectifier. A total of three, i.e., X-, Y- and Z-phase, 
second windings are connected to constitute a star-con- 
nected winding arrangement, and are connected to a 
second rectifier. The first and second rectifiers produce 
DC outputs which are summed up. 

With this arrangement, it becomes possible to pro- 
duce a summed-up DC output from 2T three-phase 
windings. This possibly improves the power shortage in 
the engine low-rotational region. If the fourth embodi- 
ment is combined with the above-described third 
embodiment which comprises the inner-layer and outer- 
layer electric conductors of two pairs or more, the T 
number per slot can be inaeased to 4T or nrwre. This 
solves the generated power shortage in the low-rota- 



33 



EP 0 881 752 A1 



34 



tional region. Moreover, this arrangement is advanta- 
geous in that the serial connection of mutually phase 
shifted windings is no longer required. This makes it 
possible to equalize the configuration of the conductor 
segments. The production efficiency in the manufactur- 
ing of the conductor segments can be further improved. 
Needless to say. it is possible to cancel the 6 times 
order components of the polar pair number serving as 
main components of the magnetic noises. 

Other Embodiments 

According to the above-described first embodi- 
ment, the conductor segments are connected at only 
one axial side surface of the stator 2. It is possible to 
connect the conductor segments at the both axial sides 
of the stator 2. For example, the turn portions of a plu- 
rality of conductor segments can be separately provided 
at the both axial end portions of the stator core 32. In 
this ca&e, the joint pitch can be widened. Thus, the con- 
necting process, such as the welding operation, can b© 
simplified. 

The stator core 32 shown in Fig. 1 2 ennployed in the 
second embodiment can be combined with the conduc- 
tor segments 33 shown in Fig. 3 employed in the first 
embodiment. 

When the stator core 32 shown in Fig. 12 is used, 
the conductor segments are inserted into correspond- 
ing slots and then the slots are successively plastically 
deformed so as to improve the production efficiency 
remarkably. 

The electric conductor may be a rectangular con- 
ductor consisting of a plurality of wires. 

The at)Ove-described embodiments use the electric 
conductors made of copper. However, it is possible to 
use aluminum or iron conductors. When these materials 
are used, the material costs can be reduced. The pro- 
duction process can be simplified by using molding or 
die casting. 

The rectangular electric conductors used in the 
above-described embodiments can be replaced by 
round electric corKluctors. It Is also possible to use com- 
plex conductors comprising both a rectangular conduc- 
tor portion and a round conductor portion. For example, 
the rectangular conductor portion may be disposed in 
the slot while the round conductor portion may be dis- 
posed outside the slot. This arrangement Is advanta- 
geous in that the space factor in the slot can be 
increased, Furthermore, the cooling ability can be 
increased. On the contrary, the round conductor portion 
may be disposed In tiie slot while the rectangular con- 
ductor portion may be disposed outside the slot. This 
arrangement is advantageous in that a sufficient clear- 
ance can be provided between electric conductors at 
the coil end. The flow resistance of the cooling air is 
reduced. The cooling ability can be inproved greatly. 
Preferably, the rectangular electric conductor may have 
a flattened cross section. 



It is preferable to cover each conductor segment 33 
by an insulating film, so that a U-shaped insulator is dis- 
posed along the inner wall of the slot. In this case, the 
insulator configuration is simplified. It is further possible 

5 to eliminate the insulator by applying appropriate insula- 
tion processing to the stator core 32. In this case, it 
becomes possible to avoid insulation defect due to dis- 
location of the insulator during the insertion of each con- 
ductor segment 33 into the slot. 

10 The stator winding may be a multi-phase winding 
having phases more than three. Even in the multi-phase 
winding, the winding of the stator core 32 can be formed 
regularly. The winding structure is not complicated. 
Having the phases more than three is effective to 

15 reduce the noise and the ripple of rectified voltage. 

The stator winding can be constituted by a triangu- 
lar winding arrangement. The winding type should be 
determined properly according to a required perform- 
ance of the generated power for an automotive vehicle. 

20 It is possible to use a rotor having no magnet, or a 
rotor having only magnetization by a magnet. 

It is possible to provide cooling fans at the both end 
faces of the rotor, as shown in Fig. 18. According to this 
arrangement, another cooling fan 12 is provided at a 

25 front end side of the rotor. This arrangement improves 
the cooling characteristics. According to the Lundel- 
type rotor causing wind at a disk portion of the pole 
core, a satisfactory cooling ability can be attained by 
using only one cooling fan 1 1 shown in Fig. 1. However, 

30 providing the cooling fans at the both ends of the rotor is 
effective to increase the cooling ability and reduce the 
size of the automotive alternator when the same power 
output is demanded. 

Furthermore, the arrangement shown in Fig. 19 can 

35 be adopted. An end face of the rotor 3, not provided with 
the cooling fan, confronts an inner wall surface 45 of the 
outer peripheral portion of the air inlet hole 41 of the 
frame 4. When the disk portion 72 of the pole core 7 
functions as a fan. the inner wall surface 45 can serve 

40 as a fan shroud. The fan ability at the disk portion 72 is 
increased. Accordingly, compared with the above- 
described arrangement where the cooling fans are pro- 
vided at the tK)th ends of the rotor, it becomes possible 
to attain a comparable cooling ability without increasing 

45 the number of parts and man-hour. Furthermore, the 
size is reduced. 

As shown in Fig. 23, it is possible to provide the 
winding erxi 33f at the same side as the turn portions 
33c. This arrangement is advantageous because the 

so winding end 33f does not interfere with a welding oper- 
ation performed at the joint portion side. Furthermore, 
the production process can be simplified due to a repet- 
itive connection of the same pattern. 

According to the above<Jescribed embodiments. 

55 the slot number is six times as large as the pole number. 
Some of electric conductors accommodated in two 
adjacent slots are connected in series at an appropriate 
portion to realize a series of windings of 4T. This may be 
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referred to as a three-phase, double slot, serial winding. 
However, it is preferable to set the slot number nine 
times as large as the poler number. When the electric 
conductors accommodated in adjacent three slots are 
connected in series at appropriate portions, a 6T 
arrangement is realized. This may be referred to as a 
three-phase, triple slot, serial winding.. Furthermore, it 
is possible to realize an odd number turn, e.g., 5T, 
arrangement by connecting the conductors in parallel at 
an appropriate slot. It is needless to say that the T 
number can be further increased by increasing the slot 
number. 

The number of slots provided in the stator core 32 
can be increased by 1 from the above-described double 
slot arrangement. For example, a total of 97 slots are 
formed in the stator core 32. Figs. 20 and 21 are devel- 
opments showing detailed winding connections. In the 
drawing, the solid line represents an inner-layer electric 
conductor, while the alternate long and short dash line 
represents an outer-layer electric conductor. According 
to this arrangement, the shape, especially the height, of 
joint portions 104 and 105 can be equalized with that of 
other joint portions of the coil end. According to the 
winding arrangement shown in Figs. 6 and 7, the joint 
portions 102 and 103 are different In height from other 
joint portions of the coil end. This requires electric con- 
ductors different in shape. The connecting process will 
be complicated. 

The joint portion 104 connects the electric conduc- 
tors constituting different layers of adjacent slots. The 
joint portion 104 is identical in the inclination and height 
as other joint portions of the coil end. This is advanta- 
geous in that the length of each straight portion other 
than the turn portion can be equalized in the fabrication 
of the U-shaped segments. Thus, the process for pro- 
ducing the segments can be simplified. The joint portion 
105 connects the electric conductors constituting the 
same layer. The joint portion 105 can be configured 
along an ordinary repetitive pattern. Tlie winding con- 
necting process can be simplified. 

In this anangement it is possible to dispose the 
turn portions of the U-shaped conductor segments at 
the same side as the winding end X and others shown 
in Figs. 20 and 21 . The spreads of the turn portions are 
all unified to a 6-slot pitch. This results in a simplified 
production process for the segments. 

Industrial Utilization 

As described in the foregoing desaiption. the 
present invention eliminates the interference at the coil 
end. inaeases the space factor of the stator winding, 
and improves the power output. Furthernrwre, as the 
inner and outer conductors are connected in series, 
both the conductor length and the leakage inductance 
of each phase winding depending on the position in the 
slot can be unified. Accordingly, the cun-ents ftowing 
across the coils can be equalized. The heat generation 



amount in each phase can be equalized, tt becomes 
possible to eliminate the local heat generation at the 
stator winding as well as the unbalance of the magnetic 
motive force. The temperature reduction and the noise 

5 reduction can be realized. Furthermore, the stator wind- 
ing is serially connected between adjacent slots. The 
conductor number per slot can be reduced so as to 
secure sufficient clearances between the conductors at 
the coil end. It becomes possible to obtain a turn 

70 number required for generating a satisfactory power 
output as an automotive generator at a low-speed 
region. Accordingly, the present invention can be uti- 
lized for alternators of automotive vehicles and contrib- 
ute to the realization of their downsizing and power-up. 

15 

Claims 

1 , An alternator for an automotive vehicle, comprising: 

20 a field rotor with N and S poles formed alter- 

nately in a circumferential direction, a stator 
including a stator core disposed in a confront- 
ing relationship with said rotor and a multi- 
phase stator winding associated with said sta- 

25 tor core, and a frame supporting said rotor and 

said stator. wherein 

said field rotor comprises a Lundel-type core 
having a plurality of hooked magnetic poles 
serving as said N and S poles, 
30 said stator core comprises laminated cores 

formed with a plurality of slots extending across 
laminated plates, 

said multi-phase stator winding comprises a 
plurality of electric conductors. 

35 said plurality of electric conductors constitute at 

least one pair, and are inserted in said slots so 
as to constitute an inner layer and an outer 
layer arrayed in a depth direction of each slot, 
and said electric conductors are insulated from 

40 each other in each slot, 

said plurality of electric conductors are partly _ 
disposed out of said slots so as to extend from 
an end face of said stator core and form a coil 
end having a predetermined connecting pat- 

45 tern according to which two of said electric con- 

ductors disposed in different slots as different 
layers are serially connected, thereby forming a 
coil end group chiefly repeating said connect- 
ing pattern at the end face of said stator core. 

so said plurality of electric conductors of said coil 

end extend in a direction intersectional with a 
flow direction of cooling air introduced in said 
fame, so that the cooling air can flow across 
said electric conductors of said coil end, 

55 the plurality of electric conductors accommo- 

dated in a same slot as different layers cooper- 
atively constitute a same-phase winding, and 
a first winding conrprises said electric conduc- 
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tors accommodated in said same slot, a sec- 
ond winding conoprises other electric 
conductors accommodated in another slot 
adjacent to said same slot, and said first wind- 
ing and said second winding are combined so 5 
as to generate a summed-up output. 

The alternator for an automotive vehicle in accord- 
ance with claim 1. wherein said multiiDhase stator 
winding has a winding end as an output terminal, 10 
said stator and said rotor are cooperative to gener- 
ates a voltage equal to or more than 15(V) from 
said winding end in an idling speed region of an 
engine which drives said rotor. 

15 

The alternator for an automotive vehicle in accord- 
ance with claim 1 or 2. wherein said first winding 
and said second winding are serially connected. 

The alternator for an automotive vehicle in accord- 20 
ance with claim 3, wherein 

a plurality of slots are spaced at predetermined 
intervals corresponding to a N-and-S magnetic 
pole pitch of said rotor so as to constitute a first 25 
slot group. 

a plurality of slots are disposed adjacent to said 
first slot group so as to constitute a second slot 
group, 

said electric conductors accommodated in said 30 
first slot group are serially connected to form 
said first winding, and 

said electric conductors accommodated in said 
second slot group are serially connected to 
form said second winding. 35 

The alternator for an automotive vehicle in accord- 
ance with claim 1 or 2. wherein 

said slots are disposed at regular intervals 40 
equivalent to an electric angle of 30""; 
some of said electric conductors accommo- 
dated in said plurality of slots constitute a first 
serial conductor group, said first serial conduc- 
tor group serves as said first winding and com- 45 
prises serially connected electric conductors 
accommodated in the slots of a first slot group 
which are mutually spaced by a magnetic pole 
pitch. 

electric conductors accommodated in the slots so 
of a second slot group adjacent to said first slot 
group are serially connected to constitute a 
second serial conductor group, thereby serving 
as said second winding, and 
said first serial condiKrtor group and said sec- 55 
ond serial conductor group are connected in 
series to constitute a winding having a winding 
end connected to a rectifier. 



6. The alternator for an automotive vehicle in accord- 
ance with claim 1 or 2, wherein 

a first rectifier rectifies an AC output of said first 
winding, 

a second rectifier rectifies an AC output of said 
second winding, and 

a rectified output of said first rectifier and a rec- 
tified output of said second rectifier are 
summed up. 

7. The alternator for an automotive vehicle in accord- 
ance with claim 6, wherein 

a plurality of slots are spaced at predetermined 
intervals corresponding to a N-and-S magnetic 
pole pitch of said rotor so as to constitute a first 
slot group, 

a plurality of slots are disposed adjacent to said 
first slot group so as to constitute a second slot 
group. 

said electric conductors accommodated in said 
first slot group are serially connected to form 
said first winding, and 

said electric conductors accommodated in said 
second slot group are serially connected to 
form said second winding. 

8. The alternator for an automotive vehicle in accord- 
ance with claim 1 or 2, wherein 

two rectifiers are provided, 
said slots are disposed at regular intervals 
equivalent to an electric angle of 30°; 
some of said electric conductors accommo- 
dated in said plurality of slots constitute a first 
serial conductor group, said first serial conduc- 
tor group serves as said first winding and com- 
prises serially connected electric conductors 
accommodated in the slots of a first slot group 
which are nurtually spaced by a magnetic pole 
pitch. 

electric conductors accommodated in the slots 
of a second slot group adjacent to said first slot 
group are serially connected to constitute a 
second serial conductor group, thereby serving 
as said second winding, and 
said first serial conductor group and said sec- 
ond serial conductor group independently con- 
stitute windings, each having a winding end 
connected to a corresponding rectifier. 

9. The alternator for an automotive vehicle in accord- 
ance with any one of claims 1 through 8. wherein 

said l-undel-type core is defined by the follow- 
ing relationship 
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L1/L2<1.5 

where L1 represents an outer diameter of the 
hooked magnetic pole of said iojndel-type 
rotor, and L2 represents a length in a rotational 
axis of said Lundel-type rotor. 

10. The alternator for an automotive vehicle in accord- 
ance with any one of claims 1 through 9, wherein 
said plurality of electric conductors accommodated 
in said same slot are disposed exclusively in a 
depth direction of said slot. 

1 1 . The alternator for an automotive vehicle in accord- 
ance with any one of claims 1 through 10, wherein 
all of electric conductors electrically insulated in 
said slots are spatially separated at the coil end 
formed at an axial end portion of said stator core. 

lar'The alternator for an automotive vehicle in accord- 
ance with any one of claims 1 through 1 1 , wherein 
toothed core ends are positioned at both sides of 
said slot, and at least part of said toothed core is 
plastically deformed to form an opening of said slot 
having a width narrower than a distance between 
inner walls of said slot, said opening of said slot 
being provided at an inner peripheral side of said 
slot. 

1 3. The alternator for an automotive vehicle in accord- 
ance with any one of claims 1 through 12, wherein 
each electric conductor is formed into a rectangular 
shape fitting to the configuration of a corresponding 
slot at a portion inserted in said slot. 

14. The alternator for an automotive vehicle in accord- 
ance with any one of claims 1 to 13, wherein 

said electric conductors are naked metallic 
menrtoers, 

an electrical insulating material is interposed 
between said plurality of electric conductors 
inserted in said slot as well as between said 
plurality of electric conductors and inner walls 
of said slot for assuring electric insulation, and 
said plurality of electric corxJuctors are spatially 
separated at a portion outside said slot. 

1 5. The alternator for an automotive vehicle in accord- 
ance with any one of claims 1 to 14. wherein an 
overall axial length of said stator comprising said 
stator core and electric conductors accommodated 
in said slots Is equal to or shorter than an overall 
axial length of said Lundel-type rotor. 

16. The alternator for an automotive vehide in accord- 
ance with any one of claims 1 to 15, wherein said 
electric conductor Is fomied at least partly into a flat 



configuration at a portion outside said slot. 

17. The alternator for an automotive vehicle in accord- 
ance with any one of claims 1 to 16, wherein a mag- 

5 net is interposed between magnetic poles of said 
field rotor so that said stator is exposed to a magnet 
flux in addition to a field flux. 

18. The alternator for an automotive vehicle in accord- 
10 ance with any one of claims 1 to 1 7, wherein said 

plurality of electric conductors disposed at said coil 
end receive said cooling air at substantially entire 
surfaces thereof. 

75 19, The alternator for an automotive vehicle in accord- 
ance with any one of claims 1 to 18, wherein said 
coil end group is formed at each axial end portion of 
said stator core, and two cooling air passages are 
formed in said frame so as to correspond to respec- 

20 tive coil end groups. 

20. The alternator for an automotive vehicle in accord- 
ance with any one of claims 1 to 19, wherein a ven- 
tilating means is provided for causing a flow of 

25 cooling air in said frame. 

21. The alternator for an automotive vehicle in accord- 
ance with claim 19 or 20. wherein said frame is 
formed with a ventilation hole at a portion corre- 

30 spending to said coil end group, so that the cooling 
air can flow across said electric conductors. 

22. The alternator for an automotive vehicle in accord- 
ance with claim 20. wherein said ventilation means 

35 is provided at an axial end portion of said field rotor 
for causing a flow of cooling air directing a centrifu- 
gal outer direction, so that the cooling air can flow 
across said electric conductors. 

40 23. The alternator for an automotive vehicle in accord- 
ance with claim 22. wherein said ventilation means 
is provided at both of axial end portions of said field 
rotor. 

45 24. The alternator for an automotive vehicle in accord- 
ance with any one of claims 20 to 23, wherein said 
ventilation means is a fan having a plurality of 
blades. 

so 25. The alternator for an autonx)tive vehicle in accord- 
ance with daim 23. wherein said Lundel-type core 
has a configuration corresponding to said plurality 
of booked magnetic poles, so that said Lundel-type 
core is capable of serving as said ventilation 

55 means. 

26. The alternator for an autonDotive vehicle in accord- 
ance with claim 25, wherein an axial end portion of 
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said Lundel-type core is disposed in an adjacent 
and confronting relationship to an inner wall surface 
of said frame. 

27. The alternator for an automotive vehicle in accord- s 
ance with any one of claims 22 through 26. vidierein 
said frame is formed with an inlet hole for said ven- 
tilation means, said inlet hole faces to an installa- 
tion end of a pulley which drives said field rotor, and 

an outermost diameter of said inlet hole is smaller to 
than an outermost diameter of said pulley. 

28. The alternator for an automotive vehicle in accord- 
ance with any one of claims 1 through 27. wherein 
said coil end is formed with a connecting pattern in 75 
which a first electric conductor and a second elec- 
tric conductor are serially connected, said first elec- 
tric conductor is disposed in a first slot as a 
predetermined layer, said second electric conduc- 
tpr'is disposed in a second slot as a layer different 20 
from said first electric conductor, said first and sec- 
ond slots are spaced at an interval corresponding to 

a N-and-S magnetic pole pitch of said field rotor. 

29. The alternator for an automotive vehicle in accord- 25 
ance with claim 28, wherein 

said coil end is formed by connecting an end 
portion of said first electric conductor extending 
from said first slot and an end portion of said 30 
second electric conductor extending from said 
second slot, 

said first electric conductor and said second 
electric conductor are formed by separate con- 
ductor segments, and 35 
the end portion of one electric conductor has 
an angle and a length sufficient for surrounding 
approximately a half of said magnetic pole 
pitch. 

40 

30. The alternator for an automotive vehicle in accord- 
ance with claim 29. wherein 

each segment is an U-shaped segment having 
a turn portion formed by connecting two elec- 45 
trie conductors continuously at one axial end 
portion of said stator core, 
an end portion of a first U-shaped segment 
serving as an end portion of said first electric 
conductor and an end portion of a second U- so 
shaped segment serving as an end portion of 
said second electric conductor are connected 
according to said connecting pattern so as to 
form said coil end at another axial end portion 
of said stator core. 5S 

31. The alternator for an automotive vehicle in accord- 
ance with claim 29, wherein 



each segment has two end portions protruding 
from both ends of a corresponding slot, 
one coil end is formed at one end of said stator 
core by connecting one end portion of a first 
segment serving as an end portion of said first 
electric conductor and one end portion of a 
second segment serving as an end portion of 
said second electric conductor according to 
said connecting pattern, and 
the other coil end is formed at the other end of 
said stator core by connecting the other end 
portion of said first segment serving as an end 
portion of said first electric conductor and the 
other end portion of said second segment serv- 
ing as an end portion of said second electric 
conductor according to said connecting pat- 
tern. 

32. The alternator for an automotive vehicle in accord- 
ance with claim 31, wherein a sum of circumferen- 
tial lengths of both end portions of said electric 
conductor corresponds to said magnetic pole pitch, 

33. The alternator for an automotive vehicle in accord- 
ance with daim 31 . wherein toothed core ends are 
positioned at both sides of said slot, and at least 
part of said toothed cae end is plastically deformed 
to form an opening of said slot having a width nar- 
rower than a distance between inner walls of said 
slot, said opening of said slot being provided at an 
inner peripheral side of said slot. 

34. The alternator for an automotive vehicle in accord- 
ance with any one of claims 1 through 33, wherein 
a rectifier comprises rectifying elements, and part 
of said electric conductor is directly connected to an 
electrode of said rectifying element. 



35. The alternator for an automotive vehicle in accord- 
ance with claim 34, wherein said electric conductor 
connected to the electrode of said rectifying ele- 
ment has an easily deformak)le portion between 
said stator and the electrode of said rectifying ele- 
ment. 

36. The alternator for an automotive vehicle in accord- 
ance with claim 30, wherein a rectifier is disposed 
at a same side as the turn portion of said U-shaped 
segment and connected to the winding end of said 
stator winding. 

37. The alternator for an automotive vehicle in accord- 
ance with daim 30. wherein a rectifier is disposed 
at a side opposed to the turn portion of said U- 
shaped segment and connected to the winding end 
of said stator winding. 

38. The alternator for an automotive vehicle in accord- 
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ance with any one of claims 1 through 37. wherein 
said stater comprises extended wiring portions 
mutually short-circuited for constituting a neutral 
point. 

5 

39. The alternator for an automotive vehicle in accord- 
ance with any one of claims 1 through 38. wherein 
said electric conductors constitute only one pair. 

40. The alternator for an automotive vehicle in accord- 70 
ance with any one of claims 1 through 38. wherein 
said electric conductors constitute two or more 
pairs. 

41 . The alternator for an automotive vehicle in accord- is 
ance with claim 40, wherein 

said plurality of electric conductors accommo- 
dated in said same slot are disposed exclu- 
sively in a depth direction. 20 
said plurality of electric conductors are con- 
nected with other electric conductors at said 
coil end group to form a plurality 0I joint por- 
tions, and 

said plurality of joint portions are arranged into 25 
multiple loops and mutually spaced in both a 
circumferential direction and a radial direction 
in said coil end group. 

42. An alternator for an automotive vehicle, comprising: 30 

a field rotor with N and S poles formed alter- 
nately in a circumferential direction, a stator 
disposed around said rotor in a confronting 
relationship, a frame supporting said rotor and 35 
said stator. and a rectifier rectifying AC power 
obtained from said stator into DC power, 
wherein 

said stator comprises a laminated stator core 
formed with a plurality of slots, a plurality of 40 
electric conductors are accommodated in said 
slots; 

said electric conductors comprises a plurality 
of U-shaped segments, each having two 
straight portions accomnruxiated in different 45 
slots; 

said plurality of U-shaped segments have turn 
portions each serving as a coil end protruding 
in an axial direction from one end face of said 
stator core, said turn portions are mutually so 
spaced so as to form a first coil end group; 
a plurality of said electric conductors accom- 
modated in a same slot as different layers con- 
stitute a same phase winding: 
a first winding comprises said electric conduc- ss 
tors accommodated in said same slot, a sec- 
ond winding comprises other electric 
conductors accommodated in another slot 



adjacent to said same slot, and said first wind- 
ing and said second winding are combined so 
as to generate a summed-up output; 
said plurality of U-shaped segments have end 
portions protruding in an opposite axial direc- 
tion from the other end face of said stator core, 
said end portions are connected according to a 
predetermined connecting pattern so as to 
constitute coil ends of a wiring, these coil ends 
are mutually spaced so as to form a second coil 
end group; 

said field rotor comprises a Lundel-type core 
having a plurality of hooked magnetic poles 
serving as said N and S poles, and 
two ventilation passages are provided at both 
axial ends of said field rotor, one ventilation 
passage extends in a radial direction so as to 
allow air to flow across said first coil end group, 
and the other ventilation passage extends in a 
radial direction so as to allow air to flow across 
said second coil end group. 

43. The alternator for an autonfX)tive vehicle in accord- 
ance with claim 42, wherein said field rotor has an 
axial end portion equipped with a ventilation means 
for supplying air toward said coil end group. 

44. The alternator for an autonrotive vehicle in accord- 
ance with claim 43, wherein said frame is provided 
with two ventilation holes serving as outlets of said 
ventilation passages, one ventilation hole is pro- 
vided adjacent to an outer peripheral side of said 
first coil end group and the other ventilation hole is 
provided adjacent to an outer peripheral side of 
said second coil end group. 

45. The alternator for an automotive vehicle in accord- 
ance with any one of claims 42 through 44. wherein 
said U-shaped segments are electric conductors 
each having an elongated rectangular cross sec- 
tion, and a longitudinal direction of said cross sec- „ 
tion is disposed along a radial direction at said coil 
end. 

46. The alternator for an automotive vehicle in accord- 
ance with any one of claims 42 through 45, wherein 

said electric conductors constitute a plurality of 
pairs of inner and outer layers, said straight 
portions of said electric conductors accommo- 
dated in said same slot are disposed exclu- 
sively in a depth direction of said slot, 
a plurality of joint portions are formed by con- 
necting said U-shaped segments, 
said plurality of joint portions are arranged into 
multiple loops and mutually spaced in both a 
circumferential direction and a radial direction 
in said second coil end group. 
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47. The alternator for an automotive vehicle in accord- 
ance with any one of claims 42 through 46, wherein 

said electric conductors form a mutti-phase sta- 
tor winding having a predetermined phase 
number, 

said stater core comprises a plurality of slot 
groups corresponding to respective phases, 
each slot group consisting of a plurality of slots 
spaced at predetermined intervals correspond- 
ing to a magnetic pole pitch of said field rotor, a 
first slot set is constituted by slot groups of mul- 
tiple phases corresponding to said phase 
number, and a second slot set Is phase shifted 
from said first slot set by a predetermined elec- 
tric angle, 

a multi-phase winding comprises electric con- 
ductors accommodated in the slots of said first 
slot set, another multi-phase winding com- 
y ^ prises electric conductors accommodated in 
the slots of said second slot set, and said multi- 
phase windings are combined so as to gener- 
ate a summed-up output. 



end extend in a direction intersectional with a 
flow direction of cooling air introduced in said 
frame, so that the cooling air can flow across 
said electric conductors of said coil end. 

5 

49. The alternator for an automotive vehicle in accord- 
ance with claim 48, wherein 

a plurality of said electric conductors accom- 
70 modated in a same slot are disposed exclu- 

sively in a depth direction, 
said plurality of electric conductors are con- 
nected with other electric conductors at said 
coil end group to form a plurality of joint por- 
T5 tions, and 

said plurality of joint portions are arranged into 
multiple loops and mutually spaced in both a 
circumferential direction and a radial direction 
in said coil end group. 



48. An alternator for an automotive vehicle, comprising : 2S 



a field rotor with N and S poles formed alter- 
nately in a circumferential direction, a stator 
including a stator core disposed in a confront- 
ing relationship with said rotor and a multi- so 
phase stator winding associated with said sta- 
tor core, and a frame supporting said rotor and 
said stator, wherein 

said field rotor comprises a Lundel-type core 
having a plurality of hooked magnetic poles 35 
serving as said N and S poles, 
said stator core comprises laminated cores 
formed with a plurality of slots extending across 
laminated plates. 

said multi-phase stator winding comprises a 40 
plurality of electric conductors, 
said plurality of electric conductors constitute at 
least one pair, and are inserted in said slots so 
as to constitute an inner layer and an outer 
layer an-ayed in a depth direction of each slot, 4S 
and said electric conductors are insulated from 
each other in each slot, 

said plurality of electric conductors are partly 
disposed out of said slots so as to extend from 
an end face of said stator core and form a coil so 
end having a predetermined connecting pat- 
tern according to which two of said electric con- 
ductors disposed in different slots as different 
layers are serially connected, thereby forming a 
coil end group chiefly repeating said connect- 55 
ing pattern at the end face of said stator core, 
and 

said plurality of electric conductors of said coil 
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FIG. 5 
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FIG. 9 



120 n 




ALTERNATOR SPEED (X103 rpm ) 
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FIG. 14 
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